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PREFACE 


In  drawing  up  a  systematic  course  of  elementary  chemical 
instruction  based  upon  the  periodic  classification  of  the  ele- 
ments, whether  it  be  as  a  course  of  lectures,  or  as  a  text-book, 
a  number  of  serious  difficulties  are  at  once  encountered. 
These  possibly  are  sufficient  to  account  for  the  fact,  that 
although  twenty-five  years  have  elapsed  since  Mendelejefif 
published  this  natural  system  of  classification,  the  method  has 
not  been  generally  adopted  as  the  basis  of  English  elementary 
text-books. 

I  have  endeavoured  to  obviate  many  of  these  difficulties, 
while  still  mahrg  the  periodic  system  the  foundation  upon 
which  this  Ut^  ^  book  is  based,  by  dividing  the  book  into 
three  parts.  Ir^  i  I.  contains  a  brief  sketch  of  the  funda- 
mental  principl"^  and  theories  upon  which  the  science  of 
modern  chemi>      i^  bjilt     Into  this  portion  of  the  book  I 

p^  rily  in  briefest  outlines,  some  of  the 

'meots  of  the  science  in  a  physico-chemical 
iS  desirable  that  the  student  should  gain 

en  early  in  his  career. 

of  the  study  of  the  four  typical  elements, 

nitrogen,  and  carbon,  and  of  their  more 
important  compc.^  inds.  By  dissociating  these  four  elements 
from  their  positior.ln  the  periodic  system,  and  treating  them 
separately,  the  student  is  early  brought  into  contact  with  many 
of  the  simpler  and  more  familiar  portions  of  the  science.    Such 


have  introduceu. 
more  recent  dev 

« 

direction,  of  whi 
some  knowledge,' 
Part  II.  consi. 
hydrogen,  oxyge; 
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subjects  as  water^  the  atmosphere,  and  combustion,  to  which  it 
is  desirable  that  he  should  be  introduced  at  an  early  stage  in 
his  studies,  are  thus  brought  much  more  forward  than  would 
otherwise  be  the  case. 

In  Part  III.  the  elements  are  treated  systematically,  accord- 
ing to  the  periodic  classification.  In  this  manner,  while 
avoiding  a  sharp  separation  of  the  elements  into  the  two  arbi- 
trary classes  of  metals  and  non-metals,  it  has  been  possible  to 
so  far  conform  to  the  prevailing  methods  of  instruction,  that 
all  those  elements  which  are  usually  regarded  as  non-metals 
(with  the  two  exceptions  of  boron  and  silicon)  are  treated  in 
the  earlier  portion  of  the  book. 

The  science  of  chemistry  has  of  recent  years  developed  and 
become  extended  to  such  a  degree,  that  the  difficulty  of  giving 
a  fairly  balanced  treatment  of  the  subject,  within  the  limits  of 
a  small  text-book,  is  an  ever-increasing  one,  and  it  necessarily 
resolves  itself  into  a  question  of  the  judicious  selection  of 
matter.  In  making  such  a  selection,  I  have  endeavoured,  as 
far  as  possible,  to  keep  in  view  the  requirements  of  students 
at  the  present  time,  without,  however,  following  any  examina- 
tion syllabus. 

Acting  upon  this  principle,  I  have  omitted  all  detailed 
description  of  the  rare  elements  and  their  compounds,  con- 
fining myself  merely  to  a  short  mention  of  them  in  a  few 
general  remarks  at  the  commencement  of  the  various  chapters. 
'  Although  from  a  purely  scientific  standpoint,  many  of  these 
rare  substances  are  of  the  greatest  interest  and  importance, 
it  must  be  admitted  that  they  stand  quite  outside  the  range 
of  all  the  customary  courses  of  chemical  instruction ;  and  so 
far  as  the  wants  of  the  ordinary  student  are  concerned,  the 
space  which  would  be  occupied  by  an  account  of  these 
elements,  is  more  advantageously  devoted  to  such  matters 
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as  are  discussed  in  the  Introductory  Outlines.  Moreover,  it 
is  a  matter  of  common  observation,  that  text-books,  even 
upon  the  shelves  of  reference  libraries,  and  which  bear  un- 
mistakable evidence  of  much  use,  are  frequently  uncut  in  those 
portions  which  treat  of  these  elements. 

Details  of  metallurgical  processes,  also,  are  out  of  place 
in  a  text-book  of  chemistry,  and  must  be  sought  in  metal- 
lurgical text-books.  Only  such  condensed  outlines  therefore 
have  been  given  as  are  sufficient  to  explain  the  chemical 
changes  that  are  involved  in  these  operations. 

The  great  importance  to  the  student,  of  himself  performing 
experiments  illustrating  the  preparation  and  properties  of 
many  of  the  substances  treated  of  in  his  text-book,  cannot 
well  be  over-estimated.  If  he  be  in  attendance  upon  a  course 
of  chemical  lectures,  opportunity  should  be  given  to  him  for 
repeating  the  simpler  experiments  he  may  see  performed 
upon  the  lecture  table :  if  he  be  not  attending  lectures,  the 
necessity  for  this  practical  work  on  his  part  is  greater  still 
Instead  of  burdening  this  text-book  with  specific  directions 
for  carrying  out  such  elementary  experiments,  frequent  refer- 
ences have  been  made  to  my  "Chemical  Lectiu-e  Experi- 
ments," where  minute  directions  are  given  for  carrying  out 
a  large  number  of  experiments,  many  of  which  may  be  easily 
performed,  and  with  the  very  simplest  of  apparatus. 

Several  of  the  woodcuts  have  been  borrowed  from  existing 
modem  works,  such  as  Thorpe's  "Dictionary  of  Applied 
Chemistry,"  MendelejefTs  "Principles  of  Chemistry,"  Ost- 
wald's  "Solutions,"  and  others.  Care  has  been  taken,  how- 
ever, to  exclude  all  antiquated  cuts,  and  a  large  number  of 
the  illustrations  are  from  original  drawings  and  photographs. 

G.  S.  N. 
South  Kensington. 


HINTS   TO    STUDENTS 


For  the  help  of  students  who  may  use  this  book  at  the 
commencement  of  their  chemical  studies,  and  especially  for 
those  who  may  not  be  working  under  the  immediate  guidance 
of  a  teacher,  the  following  hints  are  given. 

B^in  by  carefully  reading  the  first  four  chapters  (pages 
I  to  23).  Then  pass  on  to  Part  II.  (page  150),  and  begin 
the  study  of  the  four  typical  elements,  hydrogen,  oxygen, 
nitrogen,  and  carbon,  and  their  compounds,  in  the  order  in 
which  they  are  treated.  Accompany  yoiw  reading  by  per- 
forming as  many  of  the  experiments  referred  to  as  possible, 
in  order  that  you  may  become  practically  familiar  with  the 
substances  you  are  studying. 

During  the  time  occupied  in  the  study  of  these  four 
elements  and  their  compounds,  again  read  chapters  i  to  4, 
and  slowly  and  carefully  continue  reading  Part  I.,  so  that 
by  the  time  Part  III.  is  reached,  you  may  have  fairly  mastered 
at  least  the  first  thirteen  chapters  of  the  Introductory  Out- 
lines. 

The  order  in  which  the  elements  are  treated  in  Part  III. 
is  based  upon  the  Periodic  classification,  therefore  read  the 
short  introductory  remarks  at  the  commencement  of  the 
various  chapters,  in  the  light  of  the  table  on  page  102. 

Throughout  the  book,  temperatures  are  given  in  degrees 
of  the  Centigrade  thermometer,     i*  Centigrade  equals  i.8' 
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Fahrenheit,  and  as  the  zero  of  the  latter  scale  is  32*  below 
that  of  the  Centigrade,  temperatures  given  in  degrees  of  one 
scale,  are  readily  translated  into  degrees  of  the  other,  by 
the  simple  formula — 

(n'*C.  X  1.8)  +  32  =  T. 

The  abbreviation  mm.,  stands  for  millimetre ;  the  j^ujs  P^^ 
of  a  metre  (i  metre  =  39.37079  inches;  or  roughly,  25 
mm.  »  I  inch).  The  abbreviation  c.c,  signifies  cubic  centi- 
metre; the  -nnnr  P^^  ^^  ^  cubic  decimetre,  or  litre  (i 
litre  ■«  1.76077  pints). 

I  gramme  (the  weight  of  i  cc.  of  distilled  water,  taken  at 
its  point  of  maximum  density)  —  15-43235  English  grains. 
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gc     47,  line  9,  for  "  one-third  "  nad  "  one-half. " 
71,  bottom  line,/>r  "  1.239"  read  "  1.293." 
193,  line  33, y^  "  loss  of  four  more  '*  read  •*  loss  of  three  more." 
261,  top  equation, >-  "  4Co  "  read  "  4CO." 
319,  line  22f  for  "analyses  "  read  "analysis." 
413,  line  iZyfor  "  8Ca,(P04)iCaas  "  fr«/"8Ca,(P04)a,CaCls." 
429,  2nd  equation,  >r  "  H^POs  "  read  "  HaPO*." 
436,  4th  equation,  for  "  2NH4  "  read  "  2NH>" 
447,  line  22,  for  «*  H,As04  "  read  "  H,AsOa." 
461,  3rd  equation, >-  "  SCO  +  Bi "  read  "  SCO  +  2BI" 
475,  line  l^,for  "40"  read  "  2a' 
4S6,  Une  i%for  "  25  "  read  "  12." 
56a   line   13,  for  "  Dimercuric  Ammoninm "  read  "  Dimercuric 

Ammonium." 
563,  5th  and  6th  equations,  y^  the  second  =  reati  +. 

577-^ 

609. 

61& 

623. 

634. 

639. 

643- 

650,    index,  ^^   "Ammonium   nitrate,   226"   read  '•Ammonium 

nitrate,  223." 


►In  each  case,  under  the  heading  of  the  section,/^  "  Molecular 
weight  "  read  **  Atomic  weight." 
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PAET    I 
INTRODUOTORY    OUTLINES 


CHAPTER  I 
CONSTITUTION  OF  MATTER 

The  science  of  chemistry  may  be  described  as  the  study  of  a 
certain  class  of  changes  which  matter  is  capable  of  vndergoing. 
Matter  is  susceptible  of  a  variety  of  changes,  some  of  which  are 
regarded  as  physical  and  others  as  chemical.  Thus,  when  a  steel 
knitting-needle  is  rubbed  upon  a  magnet,  the  needle  undergoes  a 
change,  by  virtue  of  which  it  becomes  endowed  with  the  power 
of  attracting  to  itself  iron  filings  or  nails  :  and  when  an  ordinary 
lucifer  match  is  rubbed  upon  a  match-box,  the  match  undergoes  a 
change,  resulting  in  the  production  of  flame.  In  the  first  case  the 
change  is  said  to  be  a  physical  one,  while  the  ignition  and  com- 
bustion of  the  match  is  a  chemical  change. 

When  a  fragment  of  ice  is  gently  warmed,  it  is  changed  from  a 
hard,  brittle  solid  to  a  mobile,  transparent  liquid  ;  and  when  white 
of  ^%%  is  gently  heated,  it  changes  from  a  transparent,  colourless 
liquid  to  an  opaque  white  solid.  These  changes,  which  appear  at 
first  sight  to  be  of  a  similar  order,  are  in  reality  essentially  different 
in  their  nature :  the  transformation  of  solid  ice  into  liquid  water 
is  a  physical  change,  the  coagulation  of  albumen  is  a  chemical 
change. 

Again,  when  certain  substances  (such  as  the  materials  which 
constitute  the  so-called  luminous  paint)  are  exposed  to  a  bright 
light,  they  undergo  a  change  whereby  they  become  invested  with 
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the  power  to  emit  a  feeble  light  when  seen  in  the  dark.  A  stick  of 
phosphorus  also  emits  a  very  similar  light  when  seen  in  the  dark. 
The  glowing  of  these  materials  under  these  circumstances  might 
readily  be  regarded  as  the  result  of  the  same  kind  of  change  in 
both  cases,  but  in  reality  the  luminosity  of  the  phosphorus  is  due 
to  a  chemictd  change  taking  place  upon  the  sur&ce  of  that  sub- 
stance, while  the  emission  of  light  from  the  luminous  paint  is  a 
purely  physical  phenomenon. 

The  two  sciences,  chemistry  and  physics,  are  so  closely  related 
and  interdependent  upon  each  other,  that  no  sharp  distinction  or 
line  of  separation  between  them  is  possible.  Every  chemical 
change  that  takes  place  is  attended  by  some  physical  change,  and 
it  often  happens  that  this  accompanying  physical  change  forms 
the  only  indication  of  the  chemical  change  that  has  taken  place. 
In  certain  important  points,  however,  a  chemical  change  is  very 
different  from  one .  that  is  purely  physical :  in  the  latter  case  no 
material  alteration  in  the  essential  nature  of  the  substance  takes 
place.  This  will  be  seen  in  the  examples  quoted.  The  steel 
needle  remains  unaltered  in  its  essence,  although  by  magnetisation 
it  has  acquired  a  new  property,  a  property  which  it  again  loses, 
and  which  can  be  again  and  again  imparted  to  it.  The  match,  on 
the  other  hand,  when  ignited  has  undergone  a  material  and  per- 
manent change :  the  combustible  substance  is  now  no  longer 
combustible,  neither  will  it  ever  return  to  its  original  state.  The 
solid  water,  in  being  transformed  to  liquid  water,  has  not  under- 
gone any  vital  change  :  in  essence  it  is  the  same  substance  merely 
endowed  with  a  new  property  of  liquidity,  a  property  which  it  loses 
again  when  cooled,  and  which  can  be  again  and  again  imparted  to 
it :  on  the  other  hand,  the  coagulated  albumen  has  undergone  a 
complete  and  lasting  change,  and  never  returns  to  its  original 
condition. 

In  the  same  way,  the  luminous  paint  gradually  ceases  to  emit 
light,  and  returns  to  its  original  state ;  it  may  be  exposed  to  the 
influence  of  light,  when  it  once  more  acquires  the  property  of 
phosphorescence,  and  this  change  may  be  brought  about  indefi- 
nitely, without  altering  the  intrinsic  nature  of  the  substance.  The 
glowing  phosphorus,  on  the  other  hand,  is  gradually  changed  into 
a  white  substance,  which  escapes  from  it  as  a  smoke  or  fume  ;  in 
the  act  of  glowing  the  phosphorus  is  undergoing  a  process  of  slow 
burning,  and  if  allowed  to  remain  will  continue  glowing  and  burn- 
ing until  the  whole  of  it  has  disappeared  in  the  form  of  smoke. 
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The  Constitution  of  Matter.  MoIecules.~Matter  is  regarded 
by  the  chemist  and  physicist  as  being  composed  of  aggregations 
of  minute  particles :  every  substance,  whether  it  be  solid,  liquid, 
or  gaseous,  presents  the  appearance  to  his  mind  of  a  vast  number 
of  extremely  minute  particles.  To  these  particles  the  name  mole- 
cules ("  little  masses  ")  has  been  given.  The  particles  or  molecules 
of  any  particular  substance  are  all  alike :  thus  in  sulphur  the 
molecules  are  all  of  one  kind,  while  in  water  they  are  all  of  another 
kind  ;  the  properties  associated  with  sulphur  are  the  properties  of 
the  individual  sulphur  molecules,  while  those  belonging  to  water 
are  the  properties  of  the  molecules  of  that  substance.  All  matter, 
therefore,  is  to  be  conceived  as  having  what  may  be  called  a 
grained  structure.  The  actual  sizes  of  molecules  is  a  matter  which 
has  not  yet  been  determined  with  exactness ;  they  are  orders  of 
magnitude  which  are  as  difficult  for  the  mind  to  grasp  on  account 
of  their  minuteness,  as  many  astronomical  measurements  are  by 
reason  of  their  vastness.  It  is  certain  that  their  size  is  less  than 
half  a  single  wave-length  of  light,*  and  that  therefore  they  are 
beyond  the  visual  limits  of  the  microscope.  Some  general  idea 
of  their  order  of  magnitude  may  be  gathered  from  Lord  Kelvin's 
calculation,  that  if  a  single  drop  of  water  were  magnified  to  the  size 
of  the  earth,  each  molecule  being  proportionately  enlarged,  the 
grained  appearance  which  the  mass  would  present  would  probably 
be  finer  than  that  of  a  heap  of  cricket-balls,  but  coarser  than  a 
heap  of  small  shot. 

It  will  be  evident,  therefore,  that  in  the  strictest  sense  matter  is 
not  homogeneous  :  a  fragment  of  ice  or  a  drop  of  water  consists  of 
an  aggregation  of  a  certain  number  of  molecules,  between  which 
there  exist  certain  interspaces.  When  the  fragment  of  ice  is  heated, 
the  spaces  between  the  molecules  are  enlarged,  and  the  solid  passes 
into  the  liquid  state ;  and  when  water  is  still  further  heated,  and 
converted  into  water  vapour,  or  steam,  the  molecules  are  still  more 
thrust  astmder,  and  the  inter-molecular  spaces  are  still  further 
increased. 

The  forces  which  similar  molecules  exert  upon  each  other  are 
regarded  as  physical^  in  contradistinction  to  chemical.  These 
forces  are  either  attractive  in  their  nature,  or  repellent.  When 
the  attractive  forces  are  in  the  ascendency,  the  molecules  are 

*  The  wave-length  of  the  blue  ray  (G)  =  0.000^3x1  millimetre,  or 
o'ooooi69  inch. 
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drawn  more  or  less  closely  together,  and  the  substance  assumes 
the  solid  state.  If  the  repellent  forces  have  the  upper  hand  the 
material  takes  the  gaseous  condition,  while  the  liquid  state  may 
be  regarded  as  resulting  from  a  certain  balance  of  these  opposite 
forces.  Changes  which  matter  undergoes  by  the  action  of  these 
forces  2iX^  physical  changes,  they  do  not  affect  the  inherent  nature 
and  properties  of  the  substance,  which  properties,  as  already  stated, 
reside  in  the  molecules  themselves. 

In  each  of  the  three  states  of  matter,  viz.,  solid,  liquid,  or  gaseous, 
the  molecules  are  conceived  as  being  in  a  state  of  motion  ;  they 
are  regarded  as  executing  some  vibratory  movement  within  the 
spaces  that  divide  them.  In  the  solid  state  this  movement  is  the 
most  restricted  for  the  reason  that  the  intermolecular  spaces  are 
in  this  case  the  smallest  In  the  gaseous  condition  the  amplitude 
of  vibration  of  the  molecules  is  very  greatly  increased ;  for  the 
attractive  forces  being  at  a  minimum,  and  the  intermolecular 
spaces  being  greatest,  the  molecules  have  a  further  distance  to 
travel  before  they  strike  one  another. 

Such  changes  in  matter,  which  are  merely  the  result  of  altera- 
tions in  the  motions  of  the  molecules,  are  likewise  purely  physical 
changes. 

Molecules  may  be  defined  as  the  smallest  particles  of  matter 
which  can  exist  in  the  free  state;  or  as  the  smallest  weight  of 
matter  in  which  the  original  properties  of  the  matter  are  reiainecL 

Atoms. — It  is  the  belief  of  chemists  that  most  molecules  are 
possessed  of  a  structure.  That  is  to  say,  they  are  not  simple, 
single,  indivisible  masses,  but  themselves  consist  of  aggregations 
of  still  smaller  particles,  which  are  held  together  by  the  opera- 
tions of  some  other  force.  These  particles  of  which  molecules 
are  composed  are  termed  atoms,  and  the  force  which  holds  them 
together  is  called  chemical  affinity,  or  chemical  attraction.  To 
the  mind  of  the  chemist,  such  molecules  are  little  systems,  con- 
sisting of  a  number  of  atoms  which  are  attracted  to  each  other 
by  this  particular  force ;  in  the  ordinary  movements  of  the  mole- 
cule, the  system  moves  about  as  a  whole.  In  this  respect  it  bears 
some  analogy,  on  an  infinitely  minute  scale,  to  a  solar  system. 
The  atoms  of  a  molecule  are  regarded  as  in  a  state  of  motion  as 
respects  one  another,  possibly  revolving  about  one  another,  while 
the  entire  system,  or  molecule,  at  the  same  time  performs  its  in- 
dependent movements,  just  as  in  a  solar  system  the  various 
members  perform  various  movements  towards  each  other,  while 
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at  the  same  time  the  whole  system  travels  upon  its  prescribed 
orbit  In  the  case  of  the  heavenly  bodies  the  force  which  regulates 
the  movements  of  the  individual  members  of  the  system  amongst 
themselves,  is  the  same  force  that  controls  the  motion  of  the  united 
^  system,  namely,  gravitation.  What  is  the  precise  relation,  or 
i  difference,  if  any,  between  the  forces  which  control  the  movements 
of  molecules,  and  those  which  operate  between  the  atoms  of  the 
molecule,  is  not  known ;  but  as  the  effects  produced  are  different 
the  latter  force  is  distinguished  by  the  name  of  chemical  affinity. 

Any  change  which  matter  undergoes,  in  which  the  integrity  of 
the  molecules  is  not  destroyed,  is  regarded  as  a  physical  change  ; 
whil^any  change  which  arises  from  an  alteration  in  the  structure 
of  the  molecule  is  a  chemical  change^  For  example,  the  molecules 
of  water  consist  of  three  separate  atoms,  one  of  oxygen  and  two 
of  hydrogen ;  any  change  which  water  can  be  made  to  undergo, 
in  which  these  three  atoms  still  remain  associated  together  as  the 
molecule,  is  a  physical  change.  The  water  may  be  converted  into 
ice,  or  it  may  be  changed  into  steam ;  but  these  alterations  still 
leave  the  molecules  intact,  the  three  atoms  still  remain  united  as 
an  unbroken  system,  and  so  long  as  this  is  the  case  chemical 
change  has  not  taken  place. 

Suppose  now  the  molecules  of  water  are  heated  to  a  much 
higher  temperature  than  that  which  is  necessary  to  convert  the 
water  into  steam,  by  passing  electric  sparks  through  the  steam. 
It  will  then  be  found  that  a  very  different  kind  of  change  has  come 
over  the  substance.  The  steam,  after  being  so  heated,  no  longer 
condenses  to  water  again  when  cooled ;  it  has  been  changed  into 
a  gas  which  can  be  bubbled  through  water  and  collected  in  an 
inverted  vessel  filled  with  water  standing  in  a  pneumatic  trough, 
and  if  a  flame  be  applied  to  this  gas  a  sharp  explosion  takes  place. 
The  change  in  this  case  is  a  chemical  change,  for  the  integrity 
of  the  molecules  of  water  has  been  destroyed.  The  two  atoms 
of  hydrogen  have  become  detached  from  the  oxygen  atom,  and 
the  original  triune  structure  of  the  system  is  destroyed. 

Atoms  are  therefore  defined  as  the  smallest  particles  of  matter 
which  can  take  part  in  a  chemical  change. 


CHAPTER   II 
ELEMENTS  AND  COMPOUNDS 

There  are  certain  molecules  in  which  all  the  atoms  present  are 
of  the  same  kind,  and  there  are  other  molecules  which  are  com- 
posed of  atoms  which  differ  from  one  another.  Thus,  in  the 
substance  sulphur,  all  the  atoms  composing  the  molecules  are 
alike ;  while  in  water,  as  already  mentioned,  there  are  two  distinct 
kinds  of  atoms  in  the  molecule.  Matter,  therefore,  is  divided  into 
two  classes,  according  as  to  whether  its  molecules  are  composed  of 
similar  or  of  dissimilar  atoms.  Molecules  consisting  of  atoms  of 
the  same  kind  are  termed  elementary  molecules^  and  substances 
whose  molecules  are  so  constituted  are  known  as  elements  ;  mole- 
cules, on  the  other  hand,  which  contain  dissimilar  elements  are 
called  compound  molecules^  and  substances  whose  molecules  are 
thus  composed  are  distinguished  as  compounds. 

Sulphur,  therefore,  is  an  element ^  and  water  is  a  compound.  It 
will  be  evident  that  in  the  case  of  elementary  molecules,  whatever 
processes  they  may  be  subjected  to,  only  one  kind  of  matter  can 
be  obtained  from  them ;  while  in  the  case  of  compotmds,  the 
molecules  consisting  of  dissimilar  atoms,  as  many  different  kinds 
of  matter  can  be  obtained  as  there  are  different  atoms  present. 
By  appropriate  means  the  atoms  of  hydrogen  and  oxygen  in  water 
molecules  can  be  separated,  and  two  totally  different  kinds  of 
matter,  namely,  hydrogen  and  oxygen,  can  be  obtained  from  this 
compound. 

At  the  present  time  there  are  about  seventy  substances  known  to 
chemists  which  are  believed  to  be  elements.  In  the  history  of  the 
science  it  has  frequently  happened  that  substances  which  were 
considered  to  be  elements  have  proved,  when  subjected  to  new 
methods  of  investigation,  to  be  in  reality  compound  bodies  :  thus, 
prior  to  the  year  1783,  water  was  thought  to  be  an  elementary 
substance,  it  was  indeed  regarded  as  the  very  type  of  an  element, 
until  Cavendish  and  Lavoisier  proved  that  it  was  composed  of 
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two  entirely  different  kinds  of  matter.  In  the  year  1807,  Sir 
Homphrey  Davy  showed  that  the  substances  known  as  potash 
and  soda,  which  were  believed  to  be  elements^  were  in  reality 
compound  bodies,  and  he  succeeded  in  separating  the  constituent 
atoms  in  the  molecules  of  these  substances,  and  in  obtaining  from 
them  two  essentially  different  kinds  of  matter.  It  is  therefore 
quite  possible,  perhaps  even  probable,  that  some  at  least  of  the 
forms  of  matter  which  are  now  held  to  be  elements,  may  yet  prove 
to  be  compound  bodies. 

The  number  of  compounds  is  practically  infinite. 

The  elements  are  very  unequally  distributed  in  nature,  and  are 
of  very  different  degrees  of  importance  to  mankind  Some  are 
absolutely  essential  to  life  as  it  is  constituted,  while  others  might 
be  blotted  out  of  creation  without,  so  far  as  is  known,  their  absence 
being  appreciated.  The  following  thirty  elements  include  all  the 
most  important  (for  the  complete  list  see  page  21) : — 


Aluminium. 

Gold. 

Oxygen. 

Antimony. 

Hydrogen. 

Phosphorus 

Arsenic. 

Iodine. 

Platinum. 

Bismuth. 

Iron. 

Potassium. 

Bronmie. 

Lead 

Silicon. 

Calcium. 

Magnesium. 

Silver. 

Carbon. 

Manganese. 

Sodium. 

Chlorine. 

Mercury. 

Sulphur. 

Copper. 

Nickel. 

Tin. 

Fluorine. 

Nitrogen. 

Zinc 

On  account  of  certain  properties  common  to  a  large  number  of 
the  elements,  and  more  or  less  absent  in  others,  properties  which 
are  for  the  most  part  physical  in  character,  the  elements  are 
di\ided  into  two  classes,  known  as  metals  and  non-metals.  The 
metals  generally  are  opaque,  and  their  smoothed  surfaces  reflect 
light  to  a  high  degree,  thus  giving  them  the  appearance  known  as 
metallic  lustre.  They  also  conduct  heat  and  electricity.  Gold, 
silver,  copper,  iron,  are  metals  ;  sulphur,  bromine,  oxygen,  phos- 
phorus, are  non-metals.  These  two  classes,  however,  gradually 
merge  into  one  another,  and  certain  elements  are  sometimes 
placed  in  one  division  and  sometimes  in  the  other,  depending 
upon  whether  the  distinction  is  based  more  upon  their  physical 
or  their  chemical  properties :  thus,  the  element  arsenic  possesses 
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many  of  the  physical  properties  of  a  metal,  but  in  its  chemical 
relations  it  is  more  allied  to  the  non-metals :  such  elements  as 
these  are  often  distinguished  by  the  name  metalloids.  By  general 
consent  the  following  fifteen  elements  are  regarded  as  including 
all  the  non-metals  and  metalloids  : — 

Arsenic.  Fluorine.  Phosphorus. 

Boron.  Hydrogen.  Selenium. 

Bromine.  Iodine.  Silicon. 

Carbon.  Nitrogen.  Sulphur. 

Chlorine.  Oxygen.  Tellurium. 

The  number  of  atoms  which  compose  the  various  elementary 
molecules  is  not  the  same  in  all  cases  :  thus  in  the  elements 
sodium,  potassium,  cadmium,  mercury,  and  zinc,  the  molecules 
consist  of  only  one  atom.  The  molecules  of  these  substances  are 
single  particles  of  matter.  The  terms  molecule  and  atomy  there- 
fore, as  applied  to  these  elements,  are  synonymous.  Such  mole- 
cules as  these  are  called  mono-atomic  molecules.  In  many  cases 
elementary  molecules  consist  of  two  atoms  ;  such  is  the  case  with 
the  elements  hydrogen,  bromine,  chlorine,  oxygen,  nitrogen,  and 
others.  Elementary  molecules  of  this  twin  or  dual  nature  are 
known  as  di-atomic  molecules.  Only  one  instance  is  known  in 
which  an  elementary  molecule  consists  of  a  trio  of  atoms,  namely, 
the  molecule  of  ozone,  which  is  an  aggregation  of  three  oxygen 
atoms.  This  molecule  is  said  to  be  tri-atomic.  In  two  cases, 
namely,  arsenic  and  phosphorus,  the  molecules  are  composed  of 
a  quartette  of  atoms,  and  these  elements,  therefore,  are  said  to 
form  tetr-atomic  molecules.  In  a  large  number  of  instances  the 
atomic  constitution  of  the  molecule  of  the  elements  is  not  known. 
These  terms,  mono -atomic,  di-atomic,  &c.,  are  applied  exclu- 
sively to  molecules  of  elements,  and  are  not  used  in  reference 
to  compounds,  where  the  molecules  are  composed  of  dissimilar 
atoms. 

Meehanical  Mixtures. — When  molecules  of  different  kinds  of 
matter  are  brought  together,  one  of  two  results  may  follow  :  either 
they  will  merely  mingle  together  without  losing  their  identity,  that 
is  to  say,  the  atoms  composing  the  individual  molecules  will  still 
remain  associated  together  as  before,  or  the  atoms  in  the  molecules 
of  one  kind  will  attach  themselves  to  certain  atoms  present  in 
molecules  of  another  kind  to  form  still  different  molecules  ;  in  other 
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words,  there  will  be  a  redistribution  of  the  atoms,  whereby  diffe- 
rent systems  or  molecules  are  produced. 

In  the  first  case  the  result  is  said  to  be  a  simple  or  mechani- 
cal mixture,  in  the  second  it  is  the  formation  of  a  chemical 
compound. 

In  a  simple  mixture^  the  ingredients  can  be  again  separated  by 
purely  mechanical  methods  ;  and  as  the  properties  of  a  substance 
are  the  properties  of  the  molecules  of  that  substance,  it  follows  that 
if  the  integrity  of  the  molecules  is  not  broken,  the  properties  of  a 
mechanical  mixture  will  be  those  of  the  ingredients.  For  example, 
oxygen  is  a  colourless  gas  without  taste  or  smell ;  hydrogen  also  is 
a  colourless  gas  without  taste  or  smell :  when  these  two  gases  are 
mixed  together,  the  mixture  is  gaseous,  is  colourless,  and  tasteless, 
and,  being  only  a  mixture,  the  molecules  of  one  gas  can  be  readily 
sifted  away  from  the  other. 

Again,  charcoal  is  a  black  solid,  insoluble  in  water ;  sulphur  is  a 
yellow  solid,  also  insoluble  in  water ;  nitre  is  a  white  solid,  readily 
(Ussolved  by  water:  when  these  three  substances  are  finely 
powdered  and  mixed  together,  the  result  is  a  mechanical  mixture, 
which  is  solid,  and  which  is  dark  grey  or  nearly  black  in  colour. 
If  this  mixture  be  placed  in  water,  the  nitre  is  dissolved  away  and 
the  charcoal  and  sulphur  are  left. 

When,  however,  the  integrity  of  the  molecules  is  disturbed, 
when,  by  bringing  together  molecules  of  different  substances,  a 
rearrangement  of  the  atoms  takes  place,  resulting  in  the  formation 
of  new  molecules,  then  it  is  said  that  chemical  action  has  taken 
place. 

Chemical  action,  therefore,  always  results  in  the  formation  of 
new  molecules, — new  molecules  which  are  endowed  with  their 
own  special  properties,  differing  often  in  the  most  remarkable  and 
quite  inexplicable  manner  from  those  of  the  original  molecules. 
One  or  two  examples  may  be  quoted  in  order  to  illustrate  this 
extraordinary  modifying  effect  of  chemical  action.  The  two 
colourless  gases,  oxygen  and  hydrogen,  when  simply  mixed  to- 
gether, give  rise,  as  already  mentioned,  to  a  colourless,  gaseous 
mixture,  in  which  the  dual  molecules  of  hydrogen  and  the  simi- 
larly constituted  oxygen  molecules  move  about  freely  amongst 
each  other.  By  suitable  means  chemical  action  may  be  made 
to  take  place  between  these  two  elements,  whereby  a  complete 
rearrangement  of  the  atoms  takes  place,  resulting  in  the  formation 
of  molecules  of  water— molecules  in  which,  as  has  been  already 
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mentioned,  one  atom  of  oxygen  is  associated  with  two  atoms  of 
hydrogen.  The  product  of  the  chemical  action  is  therefore  water, 
while  both  the  forms  of  matter  of  which  it  is  composed  axe 
gaseous. 

The  air  we  breathe,  and  which  is  necessary  to  life,  consists  of 
a  simple  mixture  of  two  colourless  gases,  viz.,  oxygen  and  nitrogen: 
when  chemical  action  takes  place  between  these  substances,  a 
brown-coloured  gas  is  produced  in  which  no  animal  or  vegetable 
life  could  exist  for  many  minutes,  on  account  of  its  sufibcatiqg 
nature. 

Common  salt,  which  is  a  white  solid  substance,  and  not  oi^ 
harmless  but  even  a  necessary  article  of  food,  contains  two  atoms 
in  its  molecules— one  an  atom  of  chlorine,  which  is  a  yellow  gas, 
intensely  suffocating  and  poisonous ;  and  the  other  an  atom  of 
sodium,  a  soft,  silver-like  metal,  which  takes  fire  in  contact  widi 
water. 

Why  it  is  that  a  molecule,  consisting  of  an  atom  of  chlorine  and 
an  atom  of  sodium  held  together  by  chemical  affinity,  should  be 
endowed  with  properties  so  totally  different  from  those  of  the 
contained  elements,  is  altogether  imknown ;  and,  similarly,  it  b 
quite  impossible  to  predicate  from  the  properties  of  any  compound 
what  are  the  particular  elements  of  which  it  is  composed.  Thus, 
sugar  is  a  white  crystalline  solid,  soluble  in  water,  and  possessing 
f  a  sweet  taste,  but  no  one  would  have  ventured  to  predict  that  the 
molecules  of  this  substance  were  composed  of  atoms  of  tarboH 
(i>.,  charcoal),  a  black,  tasteless,  insoluble  solid ;  hydrogen^  a 
colourless,  tasteless  gas ;  and  oxygen^  another  colourless,  tasteless 
gas. 

Chemical  Afllnlty.— When  molecules,  consisting  of  two  atomsi 
say  A  B,  come  in  contact  with  molecules  consisting  of  other  two 
atoms,  C  D,  and  a  chemical  change  takes  place  resulting  in  the 
formation  of  new  molecules,  A  C  and  B  D  ;  the  question  naturally 
arises.  Why  does  the  atom  A  leave  the  atom  B  and  attach  itself  to 
C  ?  In  other  words,  what  determines  the  rearrangement  of  the 
atoms  into  new  molecules  ? 

At  present  no  exact  answer  can  be  given  to  this  questioo. 
Chemists  express  the  fact  by  saying  that  the  chemical  affinity 
existing  between  A  and  C  is  greater  than  that  exerted  by  B  upon 
A.  This  remarkable  selective  power  possessed  by  the  atoms  of 
different  elements  lies  at  the  root  of  all  chemical  phenomena,  and 
it  differs  between  the  various  elements  to  an  extraordinary  degree. 
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For  example,  the  atom  of  chlorine  possesses  a  very  powerful 
chemical  aiflinity  for  the  atom  of  hydrogen  :  when  hydrogen  mole- 
cules, which  consist  of  two  atoms,  are  mixed  with  chlorine  mole- 
cules, which  are  also  aggregations  of  two  atoms,  at  first  a  simple 
mechanical  mixture  is  obtained,  the  two  different  kinds  of  mole- 
cules move  amongst  each  other  without  undergoing  change.  On 
very  small  provocation,  however,  the  affinity  of  the  hydrogen  atoms 
for  the  chlorine  atoms  can  be  caused  to  exert  itself ;  by  merely 
momentarily  exposing  the  mixture  to  sunlight  a  complete  redistri- 
bution of  the  atoms  suddenly  takes  place  with  explosive  violence 
and  new  molecules  are  formed,  each  containing  one  atom  of 
hydrogen  and  one  atom  of  chlorine. 

Again,  an  atom  of  nitrogen  is  capable  of  associating  itself  in 
chemical  union  with  three  atoms  of  the  element  chlorine,  forming 
a  compound  whose  molecules  therefore  contain  four  atoms.  The 
chemical  affinity  between  the  atoms  of  chlorine  and  nitrogen  is 
so  feeble,  the  system  is,  so  to  speak,  in  a  state  of  such  unstable 
equilibrium,  that  the  very  slightest  causes  are  sufficient  to  instantly 
separate  the  atoms  in  the  most  violently  explosive  manner,  and 
so  break  up  the  conipound  molecule  into  separate  molecules  of 
chlorine  and  nitrogen.  In  this  case  the  affinity  between  one 
chlorine  atom  and  another  chlorine  atom  is  greater  than  that 
between  chlorine  and  nitrogen,  consequently  the  redistribution 
that  results  is  of  the  opposite  order  to  that  of  the  former 
example. 

As  a  rule,  those  elements  which  the  more  closely  resemble  each 
other  in  their  chemical  habits  have  the  least  affinity  for  each  other, 
while  the  greatest  affinity  usually  exists  between  those  which  are 

most  dissimilar. 

_         •  

Chemleal  Aetlon. — The  actual  process  of  redistribution  of  the 
atoms  that  takes  place  when  molecules  of  different  kinds  of  matter 
are  brought  together,  is  called  chemical  action.  In  many  cases 
chemical  action  takes  place  when  the  substances  are  merely 
brought  together,  while  in  others  it  is  necessary  to  expose  the 
bodies  to  the  influence  of  some  external  energy :  thus  chemical 
action  is  brought  about  in  a  great  number  of  instances  by  the 
application  of  heat  to  the  substances.  In  some  cases  the  influence 
of  light  has  the  effect  of  causing  chemical  action  to  take  place : 
for  example,  when  the  gases  chlorine  and  hydrogen  are  mingled 
together,  no  chemical  action  takes  place  in  the  dark,  but  on 
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exposing  the  mixture  to  light  the  hydrogen  and  chlorine  combine, 
and  form  the  compound  hydrochloric  acid.  It  is  upon  the  effect 
of  light  in  causing  chemical  action  to  take  place  that  the  art 
of  photography  depends. 

Chemical  action  may  sometimes  be  induced  by  the  influence  of 
pressure :  thus  when  the  two  gases,  hydrochloric  acid  and  phos- 
phoretted  hydrogen,  are  subjected  to  increased  pressure,  they 
combine  together  to  form  a  crystalline  solid  compound  known  as 
phosphonium  chloride.  In  the  same  way,  by  very  great  mechanical 
pressure,  a  mixture  of  powdered  lead  and  sulphur  can  be  caused 
to  combine  together,  when  they  form  the  compound,  lead  sulphide. 
There  are  also  a  number  of  chemical  actions  that  are  only  able 
to  proceed  in  the  presence  of  small  quantities  (often  extremely 
small)  of  a  third  substance,  which  itself  remains  unchanged  at  the 
conclusion  of  the  action.  These  cases  are  generally  indudpd 
under  the  name  of  catalytic  actions  :  in  some  of  them  the  modus 
operandi  of  the  third  substance  can  be  traced  (see  Oxygen,  Modes 
of  Formation ;  also  Chlorine,  Deacon's  Process),  while  in  others 
it  is  not  understood ;  thus  it  is  found  that  a  number  of  chemical 
actions  are  quite  unable  to  take  place  if  the  materials  are  abso' 
lutely  dry :  for  example,  the  element  chlorine  has  a  powerful 
affinity  for  the  metal  sodium,  and  when  these  substances  are 
brought  together  under  ordinary  conditions,  chemical  action  in- 
stantly takes  place,  and  the  compound  known  as  sodium  chloride 
(common  salt)  is  produced.  If,  however,  every  trace  of  moisture 
be  perfectly  removed  from  both  the  sodium  and  the  chlorine,  no 
action  between  these  elements  takes  place  when  they  are  brought 
together,  and  so  long  as  they  remain  in  this  state  of  perfect  dryness 
no  chemical  change  takes  place.  The  admission  into  the  mixture 
of  the  minutest  trace  of  the  vapour  of  water,  however,  at  once 
induces  chemical  action  between  the  chlorine  and  the  sodium,  but 
the  exact  part  that  the  trace  of  moisture  plays  in  producing  this 
effect,  is  not  known  with  certainty.     (See  also  foot-note,  page  86.) 

A  few  interesting  cases  are  known  in  which  chemical  action  is 
brought  about  by  the  vibration  caused  by  a  loud  sound  or  note : 
for  example,  the  molecules  of  the  gas  acetylene  consist  of  two 
atoms  of  carbon  associated  with  two  of  hydrogen  ;  when  a  quantity 
of  this  gas  is  exposed  to  the  report  produced  by  the  detonation  of 
mercury  fulminate,  the  mere  shock  of  the  explosion  causes  a  re- 
distribution of  the  atoms  whereby  solid  carbon  is  deposited  and 
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hydrogen  set  free.  We  may  suppose  that  the  particular  vibration 
produced  by  the  detonation  of  the  fulminate  exercises  a  disturbing 
effect  upon  the  motions  of  the  atoms  constituting  the  molecules  of 
acetylene,  and  thereby  causes  them  to  swing  beyond  the  sphere  of 
their  mutual  attractions,  and  thus  the  system  undergoes  disruption 
and  rearrangement 

All  known  instances  of  chemical  action  can  be  referred  to  one 
of  three  modes,  in  which  the  rearrangement  of  the  atoms  can  take 
place. 

(i.)  By  the  direct  union  of  two  molecules  to  form  a  more 
complex  molecule.  Thus,  if  CO  and  ClCl  represent  two  mole- 
cules between  which  chemical  action  takes  place  according  to 
this  mode,  they  unite  to  form  a  molecule  containing  the  four 
atoms  COCICI. 

(2.)  By  cut  exchange  of  atoms  taking  place  between  different 
molecules.  In  its  simplest  form  this  is  illustrated  in  the  action 
of  one  element  upon  another  to  form  a  compound.  Thus,  if  HH 
and  CIQ  stand  for  two  elementary  molecules  between  which 
chemical  action  takes  place,  the  result  is  the  formation  of  the  two 
molecules  HCl  HCl.  Such  a  process  as  this,  in  which  a  com- 
pound substance  is  produced  directly  from  the  elements  which 
compose  it,  is  termed  synthesis. 

The  same  mode  of  chemical  action  may  also  be  exemplified  by 
the  exact  opposite  to  this  process,  namely,  the  resolution  of  a 
compound  into  its  constituent  elements.  Thus,  if  OHH  OHH 
represent  two  molecules  of  the  same  compound,  when  chemical 
action  takes  place  it  will  result  in  the  formation  of  the  three 
elementary  molecules  OO,  HH,  and  HH.  Such  a  process  as 
this,  in  which  a  compound  is  resolved  into  its  elements,  is  known 
as  analysis. 

(3.)  By  a  rearrangement  of  the  atoms  contained  in  a  molecule. 
There  are  a  number  of  instances  of  chemical  change,  in  which  the 
molecules  of  the  substance  do  not  undergo  any  alteration  in  their 
composition — that  is  to  say,  no  atoms  leave  the  molecule,  nor  are 
any  added  to  it.  The  molecule  still  consists  of  the  same  atoms 
after  the  change  as  it  did  before,  but  the  chemical  action  has 
caused  them  to  assume  new  relative  positions,  or  different  relative 
motions  with  respect  to  each  other.  For  example,  the  substances 
known  to  chemists  as  anlmonium  cyanate  and  urea  are  two  totally 
different  and  distinct  kinds  of  matter.    These  molecules,  however. 
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each  contain  the  same  atoms  and  in  the  same  number ;  they  each 
consist  of  aggregations  of  one  atom  of  carbon,  one  atom  of  oxygen, 
two  atoms  of  nitrogen,  and  four  atoms  of  hydrogen.  When  am- 
monium cyanate  is  gently  warmed,  the  eight  atoms  composing 
the  molecules  undergo  this  process  of  rearrangement,  and  the 
substance  is  changed  into  urea. 


CHAPTER  III 
CHEMICAL  NOMENCLATURE 

The  names  which  have  been  given  to  the  various  elementary  forms 
of  matter  are  not  based  upon  any  scientific  system.  The  names  of 
some  have  their  origin  in  mythology.  Others  have  received  names 
which  are  indicative  of  some  characteristic  property,  while  those  of 
several  bear  reference  to  some  special  circumstance  connected  with 
their  discovery.  It  has  been  the  custom  in  modem  times,  to  dis- 
tinguish metals  from  non-metals  by  applying  to  the  former  names 
ending  in  the  letters  unty  and  consequently  such  metals  as  are  of 
more  recent  discovery  all  have  names  with  this  termination.  The 
common  metals,  however,  which  have  been  known  since  earlier 
times,  such  as  gold  silver,  tin,  and  copper,  keep  their  old  names. 
The  two  elements  selenium  and  tellurium  were  at  the  time  of  their 
discovery  thought  to  be  metals,  and  they  consequently  received 
names  with  the  terminal  urn;  these  substances  strongly  resemble 
metals  in  many  of  their  physical  properties,  but  in  their  chemical 
relations  they  are  so  closely  similar  to  the  non-metal  sulphur,  that 
they  are  by  general  consent  classed  among  the  non-metals ;  they  are 
examples  of  those  elements  which  are  distinguished  as  metalloids. 
On  this  account  selenium  is  by  some  chemists  termed  seUnion, 

In  naming  chemical  compounds,  the  chemist  endeavours  that 
the  names  employed  shall  not  only  serve  to  identify  the  sub- 
stances, but  shall  as  far  as  possible  indicate  their  composition. 
The  simplest  chemical  compounds  are  those  composed  of  only 
two  different  elements ;  such  are  spoken  of  as  binary  compounds^ 
and  their  names  are  made  up  of  the  names  of  the  two  elements 
composing  them,  thus — 

The  compound  formed  by  the  chemical  union  of— 

Hydrogen  with  sulphur  is  called  hydrogen  sulphide. 


Sodium 
Copper 
Calcium 
Potassium 


chlorine       ,,  sodium  chloride, 

oxygen        ,,  copper  oxide, 

fluorine       ,,  calcium  fluoride, 

iodine         ,,  potassium  iodide. 
15 
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It  continually  happens,  however,  that  the  same  two  elements 
combine  together  in  more  than  one  proportion,  giving  rise  to  as 
many  different  compounds,  in  which  case  it  becomes  necessary  to 
so  modify  the  names  that  each  of  the  compounds  may  be  dis- 
tinguished. This  is  accomplished  by  the  use  of  certain  terminal 
letters,  or  of  certain  prefixes ;  for  example,  the  element  phos- 
phorus combines  with  chlorine  in  two  proportions,  forming  two 
different  compounds — in  one  the  molecules  contain  one  atom  of 
phosphorus  united  to  three  atoms  of  chlorine,  in  the  other  the 
molecules  consist  of  one  atom  of  phosphorus  associated  with  ^vt 
of  chlorine.  These  two  compounds  may  be  distinguished  in  the 
following  ways  \^- 

I  atom  of  phosphorus  with  3  atoms  of  chlorine  forms  phosphorMtf  chknidCL 
I         ,.  .,  ,.         5        ..  .,  ,,        phosphortf  chloride. 

or — 

I  atom  of  phosphorus  with  3  atoms  of  chlorine  forms  phosphorus  /rrchloride. 
I        ,,  ,,  ..        5        M         .,         M        phosphorus/tm/tfchloride. 

The  latter  method  of  distinction  is  the  more  general,  thus — 

z  atom  of  sulphur  with  2  atoms  of  oxygen  forms  sulphur  dioxide. 

1         3         sulphur  trioxidc. 

I  atom  of  carbon  with  i  atom  of  oxygen  forms  carbon  monoxide. 
I        ,,        M        ti        2  atoms        ,.         M        carbon  dioxide. 

Occasionally  the  prefixes  sub  and  proto  are  employed  to  denote 
these  differences  of  composition,  but  their  use  is  more  limited,  and 
is  becoming  out  of  vogue.  When  more  than  two  compounds  are 
formed  by  the  union  of  the  same  two  elements,  the  additional 
prefixes  hypo^  under,  and  //r,  over,  are  sometimes  used. 

In  a  considerable  number  of  instances  the  systematic  names  of 
familiar  compounds  give  way  to  the  vulgar  or  common  names  by 
which  they  are  known,  thus — 

(Ammonia     .        .        .  Hydrogen  nitride     "x 

Hydrochloric  acid  Hydrogen  chloride    I  Systematic 

Sulphuretted  hydrogen .  Hydrogen  sulphide   I*   names. 

Water  ....  Hydrogen  monoxidej 

Binary  compounds  that  are  formed  by  the  union  of  elements  with 
oxygen  are  called  the  oxides  of  those  elements.  Certain  of  these 
oxides  are  capable  of  entering  into  combination  with  water,  giving 
rise  to  substances  known  as  adds :  such  oxides  are  distinguished 
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as  (icid'farming  oxides^  or  tuidic  oxides.  They  are  also  some- 
times termed  anhydrides.  All  the  non-metallic  elements,  except 
hydrogen,  form  oxides  of  this  order,  and  the  acids  derived  from 
them  are  known  as  the  oxy-acids. 

Certain  other  oxides  also  unite  with  water,  but  give  rise  to  com- 
pounds known  as  hydroxides.  When  such  oxides,  which  are  all 
derived  from  the  metallic  elements,  are  brought  into  contact  with 
adds,  chemical  union  takes  place,  and  a  compound  termed  a  salt 
is  formed.  Such  oxides  are  distinguished  as  salt-formings  or 
basic  oxides.  There  are  also  oxides  which  are  neither  acidic  nor 
basic.  The  names  of  oxy-acids  are  derived  from  the  name  of  the 
particular  oxide  from  which  they  are  formed,  thus — 

Carbon  dioxide  gives  carbonic  acid. 
Silicon  dioxide     „      silicic  acid. 

When  the  same  element  forms  two  acid-forming  oxides,  the 
terminals  ic  and  ous  are  applied  to  the  acids  to  denote  respectively 
the  one  with  the  greater  and  the  less  proportion  of  oxygen,  thus — 

Sulphur  /noxide  gives  sulphunV  acid. 
Sulphur  <//oxide  gives  sulphur^?f^j  acid. 
Nitrogen /^/i/oxide  gives  mttic  acid. 
Nitrogen  /Wbxide  gives  mXtous  acid. 

When  more  than  two  such  acids  are  known,  the  additional 
prefixes  hypo  or  per  are  made  use  o£  Thus  /^rsulphuric  acid 
denotes  an  add  containing  the  highest  quantity  of  oxygen,  while 
hypomXnc  add  stands  for  an  acid  containing  less  oxygen  than  is 
present  in  nitrous  add. 

There  is  a  class  of  binary  compounds  formed  by  the  combination 
of  a  large  number  of  the  elements  with  sulphur ;  these  are  known  as 
sulphides.  Certain  of  these  sulphides  are  also  capable  of  forming 
acids  which  are  analogous  in  their  constitution  to  oxy-acids,  but  in 
which  the  oxygen  atoms  are  substituted  by  atoms  of  sulphur. 
These  adds  are  known  as  ihio  acids  (sometimes  suipho  adds), 
and  the  same  system  of  nomenclature  is  adopted  to  distinguish 
these :  thus  we  have  thio-arseni^^i^j  acid,  thio-arsen/V  acid,  denoting 
resj)ectively  the  acid  with  the  smaller  and  the  larger  proportion  of 
sulphur. 

It  was  at  one  time  believed  that  aJJ  acids  contained  0x7^^11,  >^^X. 
indeed  this  element  was  essential  to  an  acid.     The  naxrve  oxygen 
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indicates  this  belief,  the  word  signifying  ''the  acid-producer." 
This  view  is  now  seen  to  have  been  incorrect,  for  many  acids  are 
known  in  which  oxygen  is  not  one  of  the  constituents.  Thus  the 
elements  fluorine,  chlorine,  bromine,  and  iodine,  which  constitute 
the  so-called  Halogen  group  of  elements,  each  combine  with 
hydrogen,  giving  rise  respectively  to  hydrofluoric,  hydrochloric, 
hydriodic,  and  hydrobromic  acids. 

All  known  acids  contain  hydrogen  as  one  of  their  constituents. 

As  already  stated,  when  chemical  action  takes  place  between  an 
acid  and  a  base,  a  salt  is  formed.  Oxy-acids  in  this  way  give  rise 
to  oxy-salts,  thio-acids  to  thio-salts,  and  halogen  acids  to  haloid 
salts. 

The  latter  salts  being  binary  compounds,  their  names  are  given 
according  to  the  system  already  explained,  such  for  example  as 
calcium  fluoride,  sodium  chloride,  potassium  bromide,  silver  iodide. 

In  the  case  of  Ihe  oxy-salts  and  thio-salts,  the  names  are  made 
up  from  the  names  of  the  acid  and  of  the  metal  contained  in  the 
base,  with  the  addition  of  certain  distinctive  sufRxes :  thus  if  the 
acid  be  one  whose  name  carries  the  terminal  ous  its  salts  will  be 
distinguished  by  the  suffix  ite^  while  the  names  of  the  salts  derived 
from  acids  whose  names  end  in  ic  are  terminated  by  the  letters  ate, 

Nitr^f^j  acid  and  potassium  oxide  give  potassium  vixXxite, 
Sulphur^i/j  acid  „  „  „         sulph//^. 

NitnVacid  „  „  „         viwxate. 

Sulphur/V  acid  „  „  „         sulpho/f. 

The  formation  of  a  salt  by  the  action  of  an  acid  upon  a  base,  is 
due  to  the  redistribution  of  the  atoms  composing  the  molecules  of 
the  two  compounds,  in  such  a  manner  that  some  or  all  of  the 
hydrogen  atoms  in  the  acid  molecules,  exchange  places  with  certain 
metallic  atoms  from  the  molecules  of  the  base.  Acids  which  con- 
tain only  one  atom  of  hydrogen  so  capable  of  becoming  exchanged 
for  a  metal,  are  termed  mono-basic  acids  ;  those  with  two,  three,  or 
four  such  hydrogen  atoms  are  distinguished  respectively  as  dt-basiCy 
tri'basiCy  and  tetra-basic  acids. 

If  the  whole  of  the  displaceable  hydrogen  in  an  acid  becomes 
replaced  by  the  base,  the  salt  formed  is  known  as  a  normal  salt 
On  the  other  hand,  when  only  a  portion  of  the  hydrogen  atoms 
is  displaced  by  the  base,  the  salt  is  distinguished  as  an  eudd 
salt  Thus  sulphuric  acid  contains  two  atoms  of  hydrogen  in  its 
jnoJecule  (associated  with  one  of  sulphur  and  four  of  oxygen) ;  if 
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both  the  hydrogen  atoms  are  exchanged  for  potassium,  the  salt 
obtained  is  normal  potassium  sulphate^  and  when  only  one  is  so 
replaced  the  salt  is  known  as  acid  potassium  sulphate.  By  the 
term  o^V/xo//,  therefore,  must  be  understood  a  salt  in  which  one 
or  more  of  the  hydrogen  atoms  of  the  original  add  are  still  left  in 
the  molecule.* 

A  third  class  of  salts  is  formed  by  the  association  of  one  or 
more  molecules  of  normal  salt,  with  one  or  more  additional  mole- 
cules of  the  base :  these  are  known  as  basic  salts.  Thus,  carbonic 
acid  and  the  base  lead  oxide,  form  such  a  salt  known  as  basic  lead 
carbonate, 

*  Some  chemists  prefer  to  regard  the  adds  themselves  as  the  hydrogen  salts ; 
accordingly  they  apply  to  nitric  acid,  sulphuric  acid,  nitrous  acid,  sulphurous 
acid,  &C..  the  names  hydrogen  nitrate,  hydrogen  sulphate,  hydrogen  nitrite, 
hydrogen  sulphite,  &c.,  respectively. 


CHAPTER  IV 

CHEMICAL    SYMBOLS 

Chemists  are  agreed  in  adopting  certain  symbols  to  denote  the 
atoms  of  the  various  elementary  forms  of  matter.  The  table 
opposite  contains  the  names  of  the  elements  at  present  recognised, 
and  in  the  second  column  are  given  the  symbols  which  are  eqi- 
ployed  to  represent  their  atoms.  The  names  of  the  rare  elements 
are  printed  in  italics. 

In  a  number  of  instances  the  atomic  symbol  is  the  initial  letter 
of  the  ordinary  name  of  the  element :  thus  Boron,  B  ;  Carbon,  C ; 
Fluorine,  F;  Hydrogen,  H  ;  Oxygen,  O  ;  Sulphur,  S. 

When  more  than  one  element  has  the  same  initial,  either  the 
first  two  letters  of  the  name,  or  the  first  and  another  that  is  pro- 
minently heard  in  pronouncing  the  word  are  employed,  as  Bromine, 
Br ;  Cobalt,  Co ;  Chlorine,  CI ;  Platinum,  Ft  In  some  cases 
letters  taken  from  the  Latin  names  for  the  elements  are  used,  such 
as  Antimony  {Stibium\  Sb ;  Gold  (Aurum),  Au ;  Silver  (Ar^genlum}, 
Ag  ;  Lead  {Plumbum\  Pb  ;  and  Iron  {Ferrum\  Fe. 

These  symbols  are  not  intended  to  be  employed  as  mero  short- 
hand signs,  to  be  substituted  as  abbreviations  for  the  full  names 
of  the  elements,  but  in  every  case  they  denote  one  atom  of  the 
element  The  symbol  H  stands  for  one  atom  of  hydrogen,  die 
symbol  O  stands  for  one  atom  of  oxygen  ;  CI  means  one  atom  of 
chlorine,  and  Ag  represents  one  atom  of  silver.  No  other  use  of 
these  symbols  is  legitimate. 

It  has  been  already  mentioned  (page  8)  that  the  molecules  of 
the  different  elements  are  composed  of  different  numbers  of  atoms ; 
for  example,  the  molecule  of  hydrogen  consists  of  two  atoms,  and 
ordinary  oxygen  also  forms  diatomic  molecules.  These  £acts  are 
expressed  in  chemical  notation  by  the  use  of  small  numerals  placed 
inmiediately  after  the  symbol  of  the  atom,  thus  H2  denotes  a  mole- 
cule of  hydrogen,  Oj  a  molecule  of  oxygen.  The  molecule  of  ozone 
consists  of  an  aggregation  of  three  atoms  of  oxygen,  and  is 
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Atomic  Weigbts 

• 

Atomic  Weights. 

1 

•       -             —      N 

2         8         4                     1 

2       8          4 

Name. 

Atomic 
Symbols. 

mate 
Values. 

More 
Exact* 
Values. 

Nam& 

Atomic 
Symbols. 

Approxi- 
mate 
Values. 

Mora 

Exact* 

Values. 

Aluminium .     .     . 

Al 

27 

27.04 

Molybdenum    .     . 
Nidkel    .... 

Mo 

96 

95-9 

Antimony  {SiibiMm) 

Sb 

120 

1 19. 6 

Ni 

69 

58.6 

Arsenic  .... 

As 

76 

74.9 

Niobium     .     .     . 

Nb 

98-7 

■    • 

Barium  .... 

Ba 

187 

136.86 

Nitrogen     .    .     . 

N 

14 

14.  oz 

Beryllium  .     .     . 

Be 

9 

9.08 

Osmium,     .     .     . 

Os 

191 

•  •  • 

Bismuth      .     .     . 
Boron     .... 

Bi 
B 

207-6 
11 

•  •  • 

10.9 

Oxvgen  .... 
Palladium  .     .    . 

0 
Pd 

16 
106 

15.96 

106.2 

Bromine     .     .    . 

Br 

80 

79.76 

Phosphorus     .     . 

P 

81 

30.96 

Cadmium   .     .     . 

Cd 

112 

I11.7 

Platinum    .    .    . 

Pt 

196 

194-3 

Caesium     .     .     . 
Calcium      .    .     . 

Cs 
Ca 

138 
40 

132-7 
39-91 

Potassium  {/Cal-  ) 
ium)   .     .     .    t 

K 

89 

39.03 

Carbon  .... 

C 

12 

11.97 

Rhodium    .     .     . 

Rh 

104 

Z04.Z 

Cerium  .... 

Ce 

141*2 

•  •  • 

Rubidium  .     .     . 

Rb 

86 

85.2 

Chlorine     .    .    . 

a 

86*6 

35-37 

Ruthenium,     .     . 

Ru 

103-6 

•  •  • 

Chromium .     .     . 

Cr 

62 

52.45 

Samarium 

Sm 

160 

■  •  • 

Cobalt   .... 

Co 

69 

58.6 

Scandium  .     .     . 

Sc 

44 

43-97 

Copper  {Cu^um). 

Cu 

68 

63.18 

Selenium    .    .     . 

Se 

79 

78.87 

Didrmium .     .     . 
Erbium  .... 

Di 

146 

•  •  • 

Silicon   .... 

Si 

28 

28.3 

Er 

166 

•  •• 

Silver  {Argentum) 

Ag 

108 

Z07.66 

Fluorine.     .     .     . 

F 

19 

19.06 

Sodium  (Natrium) 

Na 

28 

22-995 

Gallium,    .     .     . 

Ga 

70 

69.86 

Strontium  .     .    . 

Sr 

87-8 

•  •• 

Germanium     .     . 

Ge 

72 

•  •  • 

Sulphur.    .    .    . 

S 

82 

31.98 

Gold  [Aurum) 

Au 

197 

196.8 

Tantalum  ,     .     . 

Ta 

182 

•  ■• 

Hydrogen  .    .    . 

H 

1 

•  •  • 

Tellurium  .     .    . 

Te 

126 

•  •• 

Indium  .... 

In 

118 

1 13. 4 

Thallium    .     .     . 

Tl 

208*7 

■  ■  • 

Iodine    .... 

I 

127 

126.54 

Thorium     ,     ,     . 

Th 

282 

•  •  • 

Iridimn  .... 

Ir 

192-6 

•  •  • 

Tin  [Stannum)    , 

Sn 

118 

117-35 

Iron  {Ferrum) .     . 
Lanthanum     .     . 

Fe 

66 

55.88 

Titanium  .     ,     . 

Ti 

48 

•  •  • 

La 

188-6 

•  ■  • 

Tungsten    .    .     . 

W 

184 

•  ■  • 

Lead  {Plumbum) . 

Pb 

207 

ao6.39 

Uranium    .     .     , 

U 

289-8 

•  •  • 

Lithimn.    .    .    . 

Li 

7 

7.01 

Vanadium .     .     , 

V 

61  1 

•  •  • 

Magnesium     .    . 

Mg     24 

2394 

Ytterbium  .     .     . 

Yb 

178 

•  •  • 

Manganese      .    . 

Mn     66 

54-8 

Yttrium     .     .     . 

Y 

89-6 

•  •  • 

Mercury  (ffydr- ) 
argyrum  .     .     f 

Hg   200 

199.8 

Zinc 

Zirconium  .     .     . 

Zn 
Zr 

66 
90-4 

64.88 

•  •• 

represented  by  the  symbol  Os,  while  the  tetr-atomic  character  of 
the  phosphorus  molecule  is  expressed  in  the  symbol  P4.  The 
composition  of  compound  molecules  is  expressed  by  placing  the 
symbols  of  the  atoms  which  compose  such  molecules  in  juxta- 
position :  thus  a  molecule  consisting  of  one  atom  of  sodium  (symbol 


*  Where  no  values  are  given  in  this  colmnn,  those  in  the  third  column  may 
be  regarded  as  accurate. 
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Na)  and  one  atom  of  chlorine  (symbol  CI)  is  represented  by  the 
united  symbols  of  these  two  elements,  NaCl ;  a  compound  con- 
sisting of  one  atom  of  carbon  and  one  atom  of  oxygen  by  the 
symbols  of  these  two  atoms,  CO.  Such  arrangements  of  symbols 
representing  molecules  are  termed  molecular  formula^  or,  simply, 
formulce. 

When  the  molecule  contains  more  than  one  atom  of  any  parti- 
cular element,  this  fact  is  indicated  by  the  use  of  numerals  placed 
immediately  after  the  symbol  to  be  multiplied :  thus,  a  molecule  of 
water  consists  of  two  atoms  of  hydrogen  and  one  atom  of  oxygen, 
Xh^  formula  for  water  is  therefore  HjO.  One  molecule  of  ammonia, 
consisting  of  an  atom  of  nitrogen  with  three  atoms  of  hydrogen,  is 
represented  by  the  formula  NH3;  and  a  molecule  of  sulphuric 
acid,  which  is  an  aggregation  of  two  atoms  of  hydrogen,  one 
atom  of  sulphur,  and  four  atoms  of  oxygen,  has  the  formula 
H2SO4. 

It  is  sometimes  necessary  to  represent  the  presence  in  a  mole- 
cule of  certain  groups  of  atoms,  groups  which  seem  to  hold  together, 
and  often  to  function  as  a  single  atouL  This  is  accomplished  by 
the  use  of  brackets  :  thus  (N  114)2804  is  the  formula  for  a  molecule 
containing  one  atom  of  sulphur,  four  atoms  of  oxygen,  eight  atoms 
of  hydrogen,  and  two  atoms  of  nitrogen ;  the  nitrogen  and  hydrogen 
atoms  being  present  as  two  groups,  in  each  of  which  one  nitrogen 
atom  is  associated  with  four  hydrogen  atoms.  Such  groups  of 
atoms  are  termed  compound  radicals. 

When  it  is  required  to  indicate  more  than  one  molecule  of  the 
same  substance,  numerals  are  placed  immediately  in  front  of  the 
formula :  thus  2H2O  signifies  two  molecules  of  water,  and  3NHs 
expresses  three  molecules  of  ammonia. 

By  means  of  these  symbols  and  formulae,  chemists  are  enabled 
to  represent,  in  a  concise  manner,  the  various  chemical  changes 
which  it  is  the  province  of  chemistry  to  examine.  Such  changes 
are  usually  termed  chemical  recutionSy  and  they  are  represented 
in  the  form  of  equations  in  which  the  symbols  and  formulae  of 
the  reacting  substances  as  they  are  before  the  change  are  placed 
on  the  left,  and  those  of  the  substances  which  result  from  the 
change  upon  the  right,  thus — 

H,  -I-  CI,  =  2HC1 
HgClj  +  2KI  =  Hglj  -h  2KCL 

The  sign  -f-  has  a  different  significance  as  used  on  the  le(^  side 
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of  the  equation  to  that  which  it  bears  upon  the  right  On  the 
left  hand  it  implies  that  chemical  action  takes  place  between  the 
substances,  while  on  the  opposite  side  it  has  the  simple  algebraic 
meaning.  Thus,  the  second  of  the  above  equations  is  understood 
to  mean,  that  when  the  compounds,  mercuric  chloride  and  potassium 
iodide,  are  brought  together  in  such  a  way  that  chemical  action 
results,  a  redistribution  of  the  atoms  will  take  place,  resulting  in 
the  formation  of  mercury  iodide  and  also  potassium  chloride. 

As  further  illustrations  of  the  use  of  chemical  symbols,  the 
following  three  examples  may  be  given  as  exemplifying  the  three 
modes  of  chemical  action  mentioned  on  page  13  : — 

(i)  NH3  +  HCl  =  NH4CI. 

Ammonia  combines  with  hydrochloric  acid,  and  gives  ammonium 
chloride. 

(2)  H2SO4  +  NajCOs  =  Na2S04  +  COg  +  HjO. 

Sulphuric  acid  combines  with  normal  sodium  carbonate,  and  gives 
normal  sodium  sulphate,  carbon  dioxide,  and  water. 

(3)  (CN)0(NH4)  =  (NH2)3CO. 
Ammonium  cyanate  is  converted  into  urea. 

In  all  cases  where  the  nature  of  the  chemical  change  is  under- 
stood, it  is  capable  of  expression  by  such  equations,  and  as  matter 
is  indestructible,  every  atom  present  in  the  interacting  molecules 
upon  the  left  of  the  expression,  reappears  on  the  right  hand  side 
in  some  fresh  association  of  atoms.* 

*  See  also  Chemical  Notation,  chapter  vii. 


CHAPTER  V 
THE  ATOMIC  THEORY 

The  atomic  view  as  to  the  constitution  of  matter,  briefly  sketcbed 
out  in  Chapter  I.,  forms  a  part  of  what  is  to-day  known  as  the 
atomic  theory. 

When  chemical  changes  were  carefully  studied  from  a  quantitA- 
tive  standpoint,  four  laws  were  discovered  in  obedience  to  which 
chemical  action  takes  place.  These  laws  are  distinguished  as 
the  laws  of  chemical  combination.  Three  of  these  generalisations 
refer  to  quantitative  relations  as  respects  weight;  while  one  expresses 
quantitative  relations  with  regard  to  volume^  and  only  relates  to 
matter  in  the  gaseous  state. 

I.  Law  of  Constant  Proportion,"— 7'A^  same  compound  always 
contains  the  same  elements  combined  together  in  the  same  proportion 
by  weights  or  expressed  in  other  words,  The  weights  of  the  coih 
stituent  elements  of  every  compound  bear  an  unalterable  ratio  to 
each  other ^  and  to  the  weight  of  the  compound  formed, 

IL  Law  of  Multiple  Proportions.— ^^^/i  the  same  two 
elements  combine  together  to  form  more  than  one  compound^  the 
different  weights  of  one  of  the  elements  which  unite  with  a  constant 
weight  of  the  other^  bear  a  simple  ratio  to  one  another;  or  this  law 
may  be  stated  thus :  When  one  element  unites  with  another  in 
two  or  more  different  proportions  by  weighty  these  proportions  are 
simple  multiples  of  a  common  factor, 

IIL  Law  of  Reeiprocal  Proportions,  or  Law  of  Equivalent 

Proportions. — The  weights  of  different  elements  which  combtm 
separately  with  one  and  the  same  weight  of  another  element^  an 
either  the  same  as^  or  are  simple  multiples  of  the  weights  of  these 
different  elements  which  combine  with  each  other;  or  in  other 
words.  The  relative  proportions  by  weight  in  which  the  elements^ 
Ay  By  Cy  Dy  &*c,y  combtnc  with  a  constant  weight  of  emother 
elementy  Xy  are  the  same  for  their  combinations  with  any  other 
elementy  V, 

«4 
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IV.  Law  of  Ctaseous  Volumes,  or  The  Law  of  Oay-Lossac 

—  When  chemical  action  takes  flace  between  gases^  either  elements 
or  compounds^  the  volume  of  the  gaseous  product  bears  a  simple 
relation  to  the  volumes  of  the  reacting  gases. 

These  four  laws  are  the  foundations  upon  which  the  whole 
superstructure  of  modem  chemistry  rests. 

(i.)  The  Law  of  Constant  Proportions.— When  two  sub- 
stances are  mingled  together,  and  remain  as  a  mere  mechanical 
mixture,  they  may  obviously  be  present  in  any  proportion,  and  it 
was  at  one  time  thought  that  when  two  substances  entered  into 
chemical  combination  with  each  another,  they  could  do  so  also  in 
any  proportion,  and  that  the  composition  of  the  resulting  com- 
pound would  vary  from  this  cause.  This  belief  was  finally 
disproved,  and  the  law  of  constant  proportions  definitely  estab- 
lished by  Proust  in  the  year  1806.  The  same  compound,  therefore, 
however  made,  and  from  whatever  source  obtained,  is  always 
found  to  contain  the  same  elements  united  together  in  the  same 
proportion  by  weight  Thus,  conmion  salt,  or,  to  adopt  its 
systematic  name,  sodium  chloride,  which  is  a  compound  of  the 
two  elements  sodium  and  chlorine,  may  be  made  by  bringing  the 
metal  sodium  into  contact  with  chlorine  gas,  when  the  two 
elements  unite  and  form  this  compound.  It  can  also  be  made 
by  the  action  of  hydrochloric  acid  upon  the  metal  sodium,  or  by 
adding  hydrochloric  acid  to  sodium  carbonate,  and  by  a  variety 
of  other  chemical  reactions.  When  the  sodium  chloride  obtained 
by  any  or  all  of  these  processes  is  analysed,  it  is  invariably  found 
to  contain  the  elements  chlorine  and  sodium  in  the  proportion  by 
weight  of  I  :  0.6479,  or,  expressed  centesimally — 

Sodiimi      .        .    39.32 
Chlorine    .        .    60.68 

100.00 

and  when  this  is  compared  with  the  sodium  chloride  as  found  in 
nature,  obtained  either  from  the  salt-mines  of  Cheshire,  or  the 
celebrated  mines  in  Galicia,  or  by  evaporating  sea-water,  it  is 
fbund  that  the  composition  of  the  compound  in  all  cases  is  exactly 
the  same.  In  the  same  way  the  compound  water,  consisting  of 
the  two  elements  hydrogen  and  oxygen,  whether  it  be  prepared 
synthetically  by  causing  the  two  elements  to  unite  directly,  or 
obtained  from  any  natural  source,  as  rain,  or  spring,  or  river,  is 
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found  to  contain  its  constituent  elements  hydrogen  and  oxygen  in 
the  ratio  by  weight  of  i  :  8,  or, 

Hydrogen     .  11.12 

Oxygen        .        .    88.88 

100.00 

If  in  the  formation  of  sodium  chloride  by  the  direct  combination 
of  its  constituent  elements,  an  excess  of  either  one  or  other  be 
present  beyond  the  proportions  39.32  per  cent  of  sodium  and  6a6S 
per  cent,  of  chlorine,  that  excess  will  simply  remain  unacted  upoa 
If  eight  parts  by  weight  of  hydrogen  and  eight  parts  by  weight 
of  oxygen  be  brought  together  under  conditions  that  will  cause 
chemical  action,  the  eight  parts  of  oxygen  will  unite  with  one  part 
of  hydrogen,  and  the  other  seven  parts  of  hydrogen  merely  remain 
unchanged.  This  fact,  that  elements  are  only  capable  of  uniting 
with  each  other  in  certain  definite  proportions,  marks  one  of  the 
most  characteristic  differences  between  chemical  affinity  and  those 
other  forces,  such  as  gravitation,  that  are  usually  distinguished  as 
physical  forces,  for  although  there  are  many  instances  known  in 
which  the  extent  to  which  a  chemical  action  may  proceed  (that  is, 
the  particular  proportion  of  the  reacting  bodies  which  will  imdergo 
the  permutation  that  results  in  the  formation  of  different  mole- 
cules) is  influenced  by  the  mass  of  the  acting  substances,  it  never 
governs  the  proportion  in  which  the  elements  combine  in  these 
compounds. 

It  follows  from  the  law  of  constant  composition  that  the  sum  of 
the  weights  of  the  products  of  a  chemical  action  will  be  equal  to 
that  of  the  interacting  bodies ;  and  upon  the  validity  of  tUs  law 
depend  all  processes  of  quantitative  analyses. 

(2.)  The  Law  of  Multiple  Proportions  was  first  recognised 
by  Dalton,  who  investigated  certain  cases  where  the  same  two 
elements  combine  together  in  different  proportions,  giving  rise  to 
as  many  totally  distinct  compounds.  These  proportions,  however, 
were  always  found  to  be  constant  for  each  compound  so  produced, 
so  that  this  law  formed  no  contradiction  to  the  law  of  constant 
composition.  The  simple  numerical  relation  existing  between  the 
numbers  representing  the  composition  of  such  compounds  wiU  be 
evident  from  the  following  examples.    The  two*  compounds  of 

*  In  Dalton's  day  these  fwo  substances  were  the  only  knovm  compounds  of 
carbon  with  hydrogen. 
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carbon  with  hydrogen,  known  as  marsh  gas  and  ethylene^  are 
found  to  contain  these  elements  in  the  proportions — 

Marsh  gas  .     .     z  pan  by  weight  of  hydrogen  with  3  parts  of  d|rbon. 
Ethylene     .     .     i  „         '    „       '      „  '         6  „  „ 

The  two  compounds  of  carbon  with  oxygen  contain  these  ele- 
ments in  the  proportion — 

Carbon  monoxide .    z  part  of  carbon  with  z.334  parts  of  oxygen  by  weight. 
Carbon  dioxide      .     z         „  ,,         2.667 


II  II  II 


The  elements  nitrogen  and  oxygen  form  as  many  as  five  different 
compounds,  in  which  the  two  elements  are  present  in  the  propor- 
tions— 

Nitrons  oxide   .    .  z  part  of  nitrogen  with  o.  57Z  parts  of  oxygen  by  weight 

Nitric  oxide.    .    .  z  ,,  ,,  i'i43         i>  n  n 

Nitrogen  trioxide  .  z  ,,  ,,  z.714         ,,  ,,  ,, 

Nitrogen  peroxide  z  „  ,,  2.286         ,,  „  ,, 

Nitrogen  pentoxide  z  ,,  ,,  2.857         „  „  ,, 

The  relative  proportions  of  carbon  combining  with  a  constant 
weight  of  hydrogen  in  the  two  first  compounds  are  as  i  :  2. 

Those  of  oxygen  uniting  with  a  constant  weight  of  carbon  in  the 
second  example  are  also  as  i  :  2,  while  in  the  nitrogen  series  the 
relative  proportions  of  oxygen  in  combination  with  a  constant 
weight  of  nitrogen  are  as  i  :  2  :  3  :  4  :  5. 

(3.)  Law  of  Reeiproeal  Proportions.— Known  also  as  the  law 

of  proportionality,  or  the  law  of  equivalent  proportions.  When 
'  the  weights  of  various  elements,  which  were  capable  of  uniting 
separately  with  a  given  mass  of  another  element,  were  compared 
together,  it  was  seen  that  these  weights  bore  a  simple  relation  to 
the  proportions  in  which  these  elements  combined  amongst  them- 
selves. For  example,  the  elements  chlorine  and  hydrogen  each 
separately  combine  ^ith  the  same  weight  of  phosphorus,  the  pro- 
portions being — 

Phosphorus  :  chlorine     =  i  :  3.4^ 
Phosphorus  :  hydrogen  =  i  :  0.097 

The  elements  chlorine  and  hydrogen  can  combine  together,  and 
they  do  so  in  the  proportion — 

Chlorine  :  hydrogen  =  35.5  ;  i 
but  35  :  I  =  3-43  •  oo97 
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Therefore  the  proportions  by  weight  in  which  chlorine  and 
hydrogen  separately  combine  with  phosphorus,  is  a  measure  of  the 
proportion  in  which  they  will  unite  together. 

Again,  the  two  elements  carbon  and  sulphur  each  separately 
combine  with  the  same  weight  of  oxygen,  the  proportion  being- 
Oxygen  :  carbon  =  i  :  a375 
Oxygen  :  sulphur  =  i  :  i 

But  the  elements  carbon  and  sulphur  themselves  unite  togethei^ 
and  in  the  proportion — 

Carbon  :  sulphur  =  a  187  5  :  i 
but    0.1875  :  I  =  a375    :  2 

Therefore  the  proportion  by  weight  in  which  carbon  and  sulphnr 
separately  unite  with  the  same  mass  of  oxygen,  is  a  simple  multipU 
of  that  in  which  these  two  elements  combine  together.  These 
remarkable  numerical  relations  will  be  rendered  still  more  evident, 
by  comparing  the  proportions  in  which  the  members  of  a  series  of 
elements  combine  with  a  constant  weight  of  various  other  elements: 
thus — 

Hydrogen.    Sodium.    Potassium.    Silver.    Mercury.  ChloifaeL 

o.oa8x7      0.6479         z.oa         3.04       a. 8x6    unite  separately  with  i  pot 

It  will  be  seen  that  the  proportion  in  which  these  numbers  stand 
to  each  other  is  as — 

I       :       23       :      39     :      107     :     100  :  35.5 

Let  us  now  compare  these  proportions  with  those  in  wlud^  the 
same  elements  unite  with  a  constant  weight  of  the  element 
bromine — 

Hydrogen.    Sodium.    Potassium.     Silver.    Mercury.  Bromine. 

0.0125      0.2875      0.4875         Z.34        Z.25    unite  with  i  part 

or  as — 

z        :        23      :      39       :       107         100  80 

Each  of  these  five  elements  in  like  manner  combines  with 
oxygen,  and  the  weights  which  are  found  to  unite  with  a  constant 
mass  of  oxygen  are — 

Hydrogen.    Sodium.    Potassium.    Silver.    Mercury.  Oxygen, 

a  125         2.875         4.875         13.38      Z2.5    unite  with  z  part 

again  as — 

X       :       23       :       39      :      107    :     xoo  8 
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le  same  relation  will  appear  in  the  case  of  the  combination  of 
I  five  elements  with  a  constant  weight  of  sulphur — 

ijdrogca.    Sodinnu    Potasstum.    SUver.    Mercury.  Sulphur. 

ao605       1.4375       2.437S        6.69       6.25      unite  with  i  part 


>:       23       *       39      *      ^^    *     100  16 

is  thus  evident  that  the  proportions  in  which  the  members  of 
a  series  combine  with  a  constant  weight  of  one  element,  is  the 
\  as  that  in  which  they  unite  with  a  constant  mass  of  another 
ent.  One  part  by  weight  of  hydrogen  combines  with  35.5 
\  of  chlorine,  80  parts  of  bromine,  8  parts  of  oxygen,  and  16 
t  of  sulphur — ^that  is  to  say,  these  proportions  of  these  four 
ents  satisfy  the  chemical  affinity  of  i  part  of  hydrogen ;  they 
herefore  said  to  be  equivalent.  Twenty-three  parts  of  sodium 
Kwise  equivalent  to  35.5  parts  of  chlorine,  80  parts  of  bromine, 
tits  of  oxygen,  and  16  parts  of  sulphur,  and  by  the  same 
ming  it  is  also  equivalent  to  i  part  of  hydrogen,  39  parts  of 
ssiinn,  107  parts  of  silver,  and  100  parts  of  mercury.  These 
bers,  therefore,  are  known  as  the  equivalent  weights  of  the 
tents,  or  their  combining  propartionsy  and  the  combining  weight 
1  element  may  therefore  be  defined  as  the  smallest  weight  of 
element  which  will  combine  with  i  part  by  weight  of  hydrogen. 
3is  law  of  proportionality,  or  reciprocal  proportion,  was  dis- 
Tcd  by  Richter,  but  it  was  left  for  Dal  ton  to  trace  the  connec- 

between  these  three  generalisations.  Dalton  adopted  and 
)ted  an  ancient  theory  concerning  the  ultimate  constitution  of 
tcr  which  was  expounded  by  certain  of  the  early  Greek  philo- 
lers.  The  exponents  of  this  theory  held  that  matter  is  built  up 
ist  nimibers  of  minute  indivisible  particles,  in  opposition  to  the 
gonistic  theory  believed  by  others,  namely,  that  matter  was 
>lutely  homogeneous  and  capable  of  infinite  subdivision, 
alton  embraced  the  ancient  doctrine  of  atoms,  and  extended  it 
the  scientific  theory  which  is  to-day  known  as  Dalton's  atomic 
ry,  and  is  accepted  as  a  fundamental  creed  by  modem  chemists, 
ccording  to  this  theory,  matter  consists  of  aggregations  of 
ite  particles,  or  atoms,  which  are  indivisible.  Dalton  con- 
ed that  chemical  combination  takes  place  between  atoms — 

is  to  say,  when  chemical  action  takes  place  between  two 
lents,  it  is  due  to  the  union  of  their  atoms  ;  the  atoms  coming 
juxtaposition  with  each  other  under  the  influence  of  chemical 
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afRnity,  are  held  together  by  the  operation  of  this  force.  He  fbrther 
assumed  that  the  atoms  of  the  various  elements  possessed  different 
relative  weights,  and  that  the  relations  existing  between  these 
weights,  was  the  same  as  that  between  the  weights  in  which  experi- 
ment had  shown  the  elements  to  be  capable  of  combining  together. 
In  other  words,  he  said  that  the  numbers  representing  the  comlnn' 
ing proportion  of  the  elements  expressed  also  the  relative  weights 
of  the  atoms. 

Let  us  now  see  how  this  theory  satisfies  and  explains  the  first 
three  laws  of  chemical  combination. 

(i.)  The  Law  of  Constant  Composition.— It  has  already  been 
shown,  p.  25,  that  the  compound  sodium  chloride,  wheresoever  and 
howsoever  obtained,  contains  the  elements  chlorine  and  sodium 
in  the  proportion — 

Chlorine  :  sodium  «=  i  :  06479. 

These  numbers  have  been  shown  on  p.  28  to  represent  the  com- 
bining proportions- 
Chlorine  :  sodium  =  35.5  :  23. 

Now  the  atomic  theory  states,  that  sodium  chloride  is  formed  by 
the  union  of  atoms  of  chlorine  with  atoms  of  sodium,  and  that  the 
relative  weights  of  these  atoms  is  expressed  by  the  combining 
weights  of  the  elements,  namely,  35.5  and  23.  If,  therefore,  sodium 
is  to  combine  with  chlorine,  since  atoms  are  indivisible  masses,  it 
follows  that  the  compound  produced  by  the  union  of  one  atom  of 
each  of  these  two  elements  must  always  have  the  same  composi- 
tion. 

(2.)  The  Law  of  Multiple  Proportions,— The  ratio  in  which 
oxygen  combines  with  hydrogen  to  form  the  compound  water,  is 
seen  on  p.  27  to  be  as  8  :  i.  This  number  8,  therefore,  we  will 
for  the  present  argument  regard  as  the  relative  weight  of  the  atom 
of  oxygen.* 

Oxygen  combines  with  carbon  as  already  mentioned,  forming 
two  different  compounds  ;  in  the  first,  the  elements  are  present  in 
the  proportion — 

Carbon  :  oxygen  =  i  :  1.334  =  6:8 

That  is  to  say,  in  the  proportion  of  one  atom  of  carbon  to  one  atom 

*  For  reasons  which  will  be  explained  later,  chemists  now  regard  the  number 
16  as  representing  (in  round  numbers)  the  relative  weight  of  the  atom  of 
oxygen. 
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f  oxygen.  According  to  the  theory,  if  the  atom  of  carbon  unites 
ith  more  oxygen  than  one  atom,  it  must  at  least  be  with  two 
Si^toms.  It  may  be  with  three  or  with  four,  but  as  the  compound 
a:xiust  be  formed  by  the  accretion  of  these  indivisible  atoms,  the 
ijncrement  of  oxygen  must  take  place  by  multiples  of  8.  When  the 
^second  compound  is  examined  it  is  found  to  contain  its  constituent 
^dements  in  the  proportion — 

Carbon  :  oxygen  =  i  :  2.667  =  6  :  16 

lliat  is  to  say,  in  the  proportion  of  one  atom  of  carbon  to  two 
si.toins  of  oxygen.  This  information  respecting  the  composition  of 
^Iiese  two  compounds  is  conveyed  both  in  their  names  and  their 
formulae.  The  first  is  termed  carbon  m^?/ioxide,  and  its  formula  is 
expressed  by  the  symbol  CO  ;  while  the  second  is  distinguished  as 
crsirbon  li^bxide,  and  has  the  symbol  COa. 

The  difference  in  the  composition  of  the  five  compounds  that 
i:^itrogen  forms  by  union  with  oxygen,  will  be  made  evident  by  the 
a. id  of  this  theory.  The  proportion  of  nitrogen  to  oxygen  in  these 
oompounds  is — 


(i.)  Nitrogen  :  oxygen  =  i  :  0.571  =  14 
(2.)  Nitrogen  :  oxygen  =  i  :  1.143  =  14 
(3.)  Nitrogen  :  oxygen  =  1  :  1.714  =  14 
(4.)  Nitrogen  :  oxygen  =  i  :  2.268  =14 
(5.)  Nitrogen  :  oxygen  =  i  :  2.857  =  14 


8 
16 
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And  it  will  be  seen  that  the  increase  in  the  proportion  of  oxygen  in 
tlie  compounds,  takes  place  by  the  regular  addition  of  a  weight  of 
tliat  element  equal  to  8,  which  at  the  present  stage  of  the  argiunent 
ive  are  regarding  as  representing  the  relative  weight  of  the  atom 
of  oxygen. 

(3.)  The  Law  of  Reeiprocal  Proportions.— If  the  illustrations 

g^iven  on  p.  27  of  the  operation  of  this  law  be  examined  in  the  light 
of  the  atomic  theory,  their  explanation  will  be  evident :  thus,  the 
relative  proportions  in  which  hydrogen  and  chlorine  separately 
Combine  with  phosphorus  is  0.007  •  3'43>  and  the  ratio  between  these 
numbers  is  as  i  :  35.5,  which  is  the  proportion  in  which  these  two 
elements  are  known  to  unite  together  to  form  hydrochloric  acid. 
These  numbers,  however,  represent  the  relative  weights  of  the 
atoms  of  these  elements,  therefore  hydrochloric  acid  may  be  sup- 
posed to  be  formed  by  the  union  of  one  atom  of  hydrogen  with 
one  atom  of  chlorine. 


32 
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Again,  the  relative  weights  of  carbon  and  sulphur  which  sepa- 
rately combine  with  a  constant  weight  of  oxygen,  are — carbon  a375, 
sulphur  I,  and  the  ratio  between  these  numbers  is  as  6  :  16. 

Carbon  and  sulphur,  however,  unite  together  in  the  relative 
proportion — 

Carbon  :  sulphur  =  a  1875  :  i  =  6  :  32 

Therefore  the  compound  they  produce,  may  be  supposed  to  consist 
of  one  atom  of  carbon,  having  the  relative  weight  6,  and  two  atoms 
of  sulphur,  each  with  the  relative  weight  16.  * 


CHAPTER  VI 

ATOMIC    WEIGHTS 

In  the  third  column  of  the  table  on  page  2r,  the  numbers  are 
given,  which  are  at  the  present  time  generally  accepted  by  chemists 
as  representing  the  approximate  atomic  weights  of  the  elements. 
These  numbers  depart,  in  many  instances,  from  those  arrived  at 
by  Dalton's  methods  ;  thus,  the  relative  weights  of  carbon,  oxygen, 
nitrogen,  and  sulphur,  which  were  found  to  be  equivalent  to  one 
part  of  hydrogen,  are  carbon  =  6,*  oxygen  =  8,  nitrogen  =  4.66, 
sulphur  »  16 ;  while  the  figures  given  as  the  approximate  atomic 
weights  of  these  elements  in  the  table,  are  carbon  »  12,  oxygen 
s  16,  nitrogen  =  14,  sulphur  «  32.  We  must  now  discuss  some 
of  the  chief  reasons  for  these  departures.  In  the  two  compounds 
of  carbon  and  hydrogen  known  to  Dalton,  namely,  marsh  gas  and 
ethylene,  the  proportions  of  carbon  to  hydrogen  are — 

In  ethylene   .        .  Carbon  :  hydrogen  =  6:1. 

In  marsh  gas         .  Carbon  :  hydrogen  =  6:2. 

Dalton  therefore  concluded  that  ethylene  was  a  compound  con- 
taining I  atom  of  carbon,  united  with  i  atom  of  hydrogen,  and  to 
which,  therefore,  he  gave  the  formula  CH  ;  and  that  marsh  gas 
consisted  of  i  atom  of  carbon  combined  with  2  atoms  of  hydrogen, 
and  which  he  accordingly  represented  by  the  formula  CHg. 

There  was,  however,  nothing  to  prove  that  the  weight  of  carbon 
was  constant  in  the  two  compounds,  for  it  will  be  obvious  that  the 
same  ratio  between  the  weight  of  carbon  and  hydrogen  will  still 
be  maintained  by  assuming  that  the  hydrogen  is  constant,  and 
that  the  carbon  varies,  thus — 

In  marsh  gas  .  Hydrogen  :  carbon  :  :  i  13. 

In  ethylene  .     Hydrogen  :  carbon  :  :  i  :  3  x  2. 

*  These  are  the  numbers  which  Dalton  ought  to  have  obtained  had  his 
methods  of  determination  been  more  exact.  The  figures  he  actually  fotmd  for 
the  combining  weights  of  these  four  elements  were  respectively  5,  7,  5,  13. 

33  C 


34  Introductory  Outlines 

That  is  to  say,  the  ratios  are  not  disturbed  by  the  assumptioD 
that  in  marsh  gas  we  have  i  atom  of  hydrogen  combined  with  i 
atom  of  carbon,  having  the  relative  combining  weight  of  3,  and  in 
ethylene  i  atom  of  hydrogen  united  with  2  atoms  of  carbon. 

It  will  be  evident,  however,  that  if  we  could  gain  any  exact 
information  as  to  the  actual  number  of  atoms  which  are  present 
in  these  various  molecules,  this  difficulty  would  no  longer  exist 

For  example,  suppose  it  were  possible  to  ascertain  that  in  the 
molecule  of  marsh  gas  there  were  4  atoms  of  hydrogen,  then  as 
the  relative  weights  of  hydrogen  and  carbon  in  this  compound  are 
as  I  :  3,  the  weight  of  the  carbon  atom  would  obviously  have  to 
be  raised  from  3  to  12;  and  if  it  could  be  determined  that  in  the 
ethylene  molecule  there  were  also  4  atoms  of  hydrogen,  then 
seeing  that  the  ratio  of  hydrogen  to  carbon  in  this  substance  is 
as  I  :  6,  we  should  conclude  that  it  contained  2  atoms  of  carbon, 
of  the  relative  weight  not  less  than  12,  and  the  composition  of  the 
two  compounds  would  be  expressed  by  the  formulae,  marsh  gas 
CH4,  ethylene  C2H4. 

Again,  the  relative  weights  of  hydrogen  and  oxygen  in  water 
arc  as  I  :  8.  If  the  molecule  of  water  contains  only  i  atom  of 
hydrogen,  then  we  conclude  that  8  represents  the  relative  weight 
of  the  oxygen  atom,  and  the  formula  for  water  will  be  HO.  But 
suppose  it  to  be  discovered  that  there  are  2  atoms  of  hydrogen  in 
a  molecule  of  this  compound,  then  it  becomes  necessary,  in  order 
to  retain  the  ratio  between  the  weight  of  these  constituents  (a 
ratio  ascertained  by  analyses),  to  double  the  number  assigned  to 
the  oxygen  atom,  and  to  regard  its  weight  as  16,  as  compared  with 
I  atom  of  hydrogen,  and  the  formula  for  water  in  this  case  would 
be  HjO. 

The  compound  ammonia  contains  the  elements  hydrogen  and 
nitrogen  in  the  ratio — 

Hydrogen  :  nitrogen  :  :  1  :  4.66. 

If  the  molecule  of  ammonia  contains  only  i  atom  of  hydrogeiii 
then  4.66  represents  the  relative  weight  of  the  nitrogen  atom,  and 
the  formula  will  be  NH  ;  but  if  it  should  be  found  that  there  are 
3  atoms  of  hydrogen  in  this  molecule,  then  again  the  relative 
weight  assigned  to  the  nitrogen  must  be  trebled  in  order  to  pr^ 
serve  the  ratio,  and  it  will  have  to  be  raised  from  4.66  to  14  C"* 
round  numbers),  and  the  formula  for  ammonia  will  be  NH^ 

From  these  considerations  it  will  be  evident,  that  it  is  of  the 
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ghcst  importance  to  gain  accurate  knowledge  as  to  the  actual 
nnber  of  atoms  which  are  contained  in  the  molecules  of  matter — 
other  words,  to  learn  the  true  atomic  composition  or  structure 
molecules  ;  and  it  may  be  said  that  this  problem  has  occupied 
e  minds  of  chemists  from  the  time  that  Dalton  published  his 
omic  weights,  in  the  year  1808,  down  to  the  present  time.  There 
no  single  method  of  general  application,  by  means  of  which 
lemists  are  able  to  determine  the  atomic  weight  of  an  element, 
tt  they  are  guided  by  a  number  of  independent  considerations, 
me  of  which  are  chemical  in  their  character,  while  others  are  of 
physical  nature ;  and  that  particular  number  which  is  in  accord 
th  the  most  of  these  considerations,  or  with  what  are  judged  to 
:  the  most  important  of  them,  is  accepted  as  the  true  atomic 
aghL 

The  chief  methods  employed  for  determining  atomic  weights 
ay  be  arranged  under  the  following  four  heads  : — 

1.  Purely  chemical  methods. 

2.  Methods  based  upon  volumetric  relations. 

3.  Method  based  upon  the  specific  heats  of  the  elements. 

4.  Method  based  upon  the  isomorphism  of  compounds. 

As  an  illustration  of  the  chemical  processes  from  which 
nic  weights  may  be  deduced,  the  following  examples  may  be 
0,  namely,  the  case  of  the  two  elements  oxygen  and  carbon, 
cygen   combines,  as  already  stated,  with  hydrogen  in  the 

ntion  Hydrogen  :  oxygen  =1:8. 

en  water  is  acted  upon  by  the  element  sodium,  the  compound 

omposed  and  hydrogen  is  evolved ;  and  it  is  found  that  if 

immes  of  water  are  so  acted  on,  i  gramme  of  hydrogen  is 

1,   and  40  grammes  of   a  compound  are  formed,   which 

s  sodium,  together  with  all  the  oxygen  originally  in  the 

mies  of  water,  and  some  hydrogen.    This  compound,  under 

conditions,  can  be  again  acted  upon  by  sodium,  and  when 

'  grammes  are  so  acted  on,  i  gramme  of  hydrogen  is  again 

and  62  grammes  are  obtained  of  a  compound  containing 

)gen,  but  sodium  combined  with  all  the  oxygen  originally 

1  in  the  18  grammes  of  water. 

be  evident,  therefore,  that  the  hydrogen  contained  in 
be  expelled  in  two  equal  moieties  ;  there  must,  therefore, 
'.oms  of  hydrogen  in  this  compound.     By  no  known 
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process  can  the  oxygen  be  withdrawn  from  water  in  two  stages ; 
thus,  if  1 8  grammes  of  water  are  acted  upon  by  chlorine,  under  the 
conditions  in  which  chemical  action  can  take  place,  71  grammes  of 
a  compound  containing  only  chlorine  and  hydrogen  are  found,  and 
the  whole  of  the  oxygen  is  thrown  out  of  combination,  and  evolved 
as  gas.  It  is  therefore  concluded,  that  water  contains  in  its  mole- 
cule, 2  atoms  of  hydrogen  and  i  atom  of  oxygen,  and  as  they  are 
combined  in  the  relative  proportion  of  i  :  8,  the  atomic  weight  of 
oxygen  cannot  be  less  than  16. 

No  compounds  have  been  found  in  which  a  smaller  weight  of 
oxygen,  relative  to  one  atom  of  hydrogen,  than  is  represented  by 
the  nimiber  16  (approximately),  is  known  to  take  part  in  a  chemical 
change. 

The  compound  marsh  gas  contains  hydrogen  and  carbon  in 
the  proportion  by  weight  of  i  :  3.  By  acting  on  this  compound 
with  chlorine,  it  is  possible  to  remove  the  hydrogen  from  it  in 
four  separate  portions. 

By  the  first  action  of  chlorine  upon  16  grammes  of  marsh  gas, 
I  gramme  of  hydrogen  is  removed  in  combination  with  35.5 
grammes  of  chlorine,  and  a  compound  containing  carbon,  hydrogen, 
and  chlorine,  in  the  ratio  12  :  3  :  35.5,  is  formed. 

By  the  successive  action  of  chlorine,  three  other  moieties  of 
hydrogen  can  be  thus  withdrawn,  each  being  in  combination  with 
its  equivalent  (35.5  parts)  of  chlorine.  The  second  and  third  com- 
pounds that  are  formed  contain  carbon,  hydrogen,  and  chlorine  in 
the  ratios  12  :  2  :  (35.5  x  2)  and  12  :  i  :  (35.5  x  3). 

The  compound  produced  by  the  fourth  action  of  chlorine,  which 
withdraws  the  fourth  portion  of  hydrogen,  contains  only  carbon 
and  chlorine,  in  the  ratio  12  :  (35.5  x  4).  From  the  fact  that  the 
hydrogen  contained  in  marsh  gas  can  thus  be  removed  in  four 
separate  portions,  the  molecule  must  contain  four  hydrogen  atCKns, 
and  therefore  the  atomic  weight  of  carbon  must  be  at  least  12.  No 
compounds  of  carbon  are  known  in  which  a  smaller  weight  of 
carbon,  relative  to  one  atom  of  hydrogen,  than  is  represented  by 
the  number  1 2,  takes  part  in  a  chemical  change. 

The  definition  of  atomic  weight,  furnished  by  considerations 
of  a  chemical  nature,  may  be  thus  stated :  the  atomic  weight  of  an 
element,  is  the  number  which  represents  how  many  times  heavier 
the  smallest  mass  of  that  element  capable  of  taking  part  in  a 
chemical  change  is,  than  the  smallest  weight  of  hydrogen  which 
can  so  function. 
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Tbe  cfaoioe  of  hydrogen  as  the  unit  of  atomic  weights  is  a  purely  arbitrary 
ilectiao ;  bat  siiice  atomic  weight  values  can  only  be  determined  reloHvefy,  it 
eoooKS  Deoessary  to  select  some  one  element  and  to  assign  to  its  atom  some 
utiailar  number  to  serve  as  a  standard.  As  hydrogen  is  the  lightest  of  all 
eoents.  Daltcm  originally  adopted  it,  and  arbitrarily  fixed  unity  as  the 
BDiber  which  should  stand  for  its  atomic  weight  The  disadvantages  of  this 
vticiilar  miit  axe  twofold :  in  the  first  place  the  number  of  elements  that  form 
fdrogeo  compounds  that  are  suitable  for  atomic  weight  determinations  is  very 
nan,  whereas  nearly  all  the  elements  form  convenient  oxygen  compounds,  or 
smpooDds  with  elements  whose  atomic  weights  with  reference  to  oxygen  are 
ccoraidy  known,  and  in  actual  practice  such  compounds  are  almost  alwajrs 
nde  use  of  for  such  determinations.  In  the  second  place,  the  exact  ratio  of 
K  weights  of  an  atom  of  hydrogen  and  oxygen  b  not  known  with  certainty,  so 
at  in  cakulating  atomic  weights  that  are  determined  with  reference  to  oxygen, 
QBible  errors  may  arise.  The  ratio  Hydrogen :  Oxygen  u  not  exactly  z  :  i6. 
'arious  values  have  been  obtained  by  dififerent  experimenters,  and  at  the  present 
me  1 :  15.96  is  accepted  as  more  nearly  the  truth. 

On  account  of  the  extreme  difiSculty  of  exactly  determining  this  ratio, 
bemists  are  now  generally  agreed  in  adopting  as  the  unit  in  all  exact  determi- 
ations  of  atomic  weights,  a  number  which  is  ^'Cti  the  weight  of  the  atom  of 
xygen :  that  is  to  say,  the  atomic  weight  of  oxygen  is  in  reality  the  standard, 
nd  b  fixed  as  16,  and  the  unit,  instead  of  being  the  weight  of  i  atom  of 
jdrogen,  is  ^th  of  this  number. 

Tbe  effect  of  this  change  is  only  of  importance  in  cases  of  chemical  investiga- 
ioD  where  a  high  degree  of  exactitude  is  required  ;  for  purposes  of  ordinary 
nalyses  and  chemical  calculations  the  difference  that  it  msJces  is  practically  nil. 
mng  the  atomic  weight  of  oxygen  at  z6  merely  raises  tbe  atomic  weight  of 
lydn^ien  fix>m  z  to  1.003.  As  the  use  of  small  decimal  fractions  introduces 
tnnecessary  complications  which  tend  to  obscure  simple  processes  of  reasoning, 
ttf  ^>pfroximate  atomic  weights  given  in  tbe  third  column  of  page  21,  will  be 
mfdoyed  for  the  most  i)art  in  the  following  Introductory  chapters. 

2.  Determination  of  Atomic  Weights  ft*om  Considerations 
nsed  upon  Volometric  Relations.    The  Law  of  Gaseous 

iToliunes. — In  the  year  1805  the  fact  was  discovered  by  Gay 
jissac  and  Humboldt,  that  when  i  litre  of  oxygen  combines  with 
\  litres  of  hydrogen,  the  vapour  of  water  (or  steam)  which  was 
)roduced,  occupied  2  litres,  the  volumes  in  all  cases  being  measured 
mder  the  same  conditions  of  temperature  and  pressure."""  This 
act  led  to  the  discovery  of  the  simple  relation  existing  between 
he  volumes  of  other  reacting  gases  and  the  volume  of  the  products  : 
has  it  was  found  that — 

I  voL  of  hydrogen  unites  with  i  vol.  of  chlorine,  and  gives 
2  vols,  of  hydrochloric  acid. 

•  For  the  relations  of  gaseous  volumes  to  temperature  and  pressure  the 
ttndcnt  is  referred  to  chapter  ix.,  on  the  general  properties  of  gases. 
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1  vol.  of  hydrogen  unites  with  i  vol.  of  bromine  vapour,  and 

gives  2  vols,  of  hydrobromic  acid. 

2  vols,  of  hydrogen  unite  with  i  vol  of  oxygen,  and  give 

2  vols,  of  steam. 
2  vols,  of  carbon  monoxide  unite  with  i  voL  of  oxygen,  and 
give  2  vols,  of  carbon  dioxide. 

1  vol.  of  carbon  monoxide  unites  with  i  vol.  of  chlorine,  and 

gives  I  vol.  of  phosgene  gas. 

In  the  same  way  with  compounds  that  cannot  be  obtsuned  bjr 
the  direct  imion  of  their  constituent  elements,  it  is  found  that  on 
being  subjected  to  processes  of  decomposition,  similar  simple 
volumetric  relations  exist :  thus  by  suitable  methods  of  decom- 
position— 

2  vols,  of  ammonia  gas  yield  i  voL  of  nitrogen  and  3  vols,  of 

hydrogen. 
2  vols,  of  nitrous  oxide  yield  2  vols,  of  nitrogen  and  i  voL  of 

oxygen. 
2  vols,  of  nitric  oxide  yield  i  voL  of  nitrogen  and  i  voL  of 

oxygen. 
I  vol.  of  marsh  gas  yields  2  vols,  of  hydrogen  and  some  solid 

carbon,  which  cannot  be  evaporated,  and  therefore  its 

vapour  volume  is  unknown. 
I  vol.  of  ethylene  yields  2  vols,  of  hydrogen  and  solid  carbon 

as  in  the  preceding. 

The  observations  of  these  and  similar  facts  gave  rise  to  the  law 
of  Gay  Lussac,  and  it  will  be  seen  that  there  is  evidently  a  close 
connection  between  the  simple  volumetric  relations,  and  those 
existing  between  the  multiple  proportions  by  weighty  in  which  one 
element  unites  with  another.  For  example,  in  the  two  oxides  of 
nitrogen  the  ratios  of  the  two  elements  by  weight  are — 

Nitrous  oxide        .        .     Nitrogen  :  oxygen  =  28  :  16. 
Nitric  oxide  .        .  Nitrogen  :  oxygen  =  28  :  (16  x  2), 

while  the  volumetric  relation  in  which  the  two  constituents  are 
present  is — 

Nitrous  oxide        .  Nitrogen  :  oxygen  =  2:1. 

Nitric  oxide  .        .        .     Nitrogen  :  oxygen  =  2  :  (i  x  2). 

In  other  words,  there  is  twice  as  much  oxygen  by  weight  in  the 
one  compound  as  in  the  other,  and  there  is  twice  as  much  oxygen 
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by  volume  in  the  one  as  compared  to  the  other.  Moreover,  if  1 4 
and  16  respectively  represent  the  relative  weights  of  atoms  of  nitro- 
gen and  oxygen,  then  the  numbers  representing  the  relative 
volumes  in  which  these  elements  unite  will  also  express  the  nimiber 
of  atoms  of  each  in  the  molecule. 

The  connection  existing  between  the  proportions  in  which 
elements  unite  by  weight,  and  by  volume,  was  first  explained  by 
the  Italian  physicist  and  chemist  Avogadro,  who  in  the  year 
181 1  advanced  the  theory  now  recognised  as  a  fundamental  prin- 
ciple, and  known  as  Avogadro's  hypothesis.  This  theory  may  be 
thus  stated :  Equal  volumes  of  all  gases  or  vapours^  under  the 
same  conditions  of  temperature  and  pressure^  contain  an  equal 
number  of  molecules.  If  this  be  true,  if  there  are  the  same 
number  of  molecules  in  equal  volumes  of  all  gases,  it  must  follow 
that  the  ratio  between  the  weights  of  equal  volumes  of  any  two 
gases,  will  be  the  same  as  that  between  the  single  molecules  of  the 
particular  gases.  If  a  litre  of  oxygen  be  found  to  weigh  sixteen 
times  as  much  as  a  litre  of  hydrogen  (under  like  conditions  of  tem- 
perature and  pressure),  inasmuch  as  there  are  the  same  number 
of  molecules  in  each,  the  oxygen  molecule  must  be  sixteen  times 
heavier  than  that  of  hydrogen ;  and  therefore,  by  the  comparatively 
simple  method  of  weighing  equal  volumes  of  different  gases,  it 
becomes  possible  to  arrive  at  the  relative  weights  of  their  molecules. 

The  relative  weights  of  equal  volumes  of  gases  and  vapours,  in 
terms  of  a  given  unit,  are  known  as  their  densities  or  specific 
gravities.  Sometimes  densities  are  referred  to  air  as  the  unit,  but 
more  often  hydrogen,  as  being  the  lightest  gas,  is  taken  as  the 
standard.  Taking  hydrogen  as  the  unit,  the  density  or  specific 
gravity  of  a  gas,  is  the  weight  of  a  given  volimie  of  it,  as  compared 
with  the  weight  of  the  same  volume  of  hydrogen — or  in  other 
-words,  tlie  ratio  between  the  weight  of  a  molecule  of  that  gas,  and 
a  molecule  of  hydrogen.  The  ratio  that  exists  between  the  weight 
of  a  gaseous  molecule  and  hcUfthe  weight  of  a  molecule  of  hydrogen^ 
chemists  term  the  molecular  weight  of  that  gas  ;  hence  it  will  be 
obvious  that  the  number  which  represents  the  molecular  weight  of 
a  gas,  is  double  that  of  its  density  or  specific  gravity. 

If  I  litre  of  hydrogen  and  i  litre  of  chlorine  be  caused  to  combine, 
2  litres  of  gaseous  hydrochloric  acid  are  formed.  As  equal  volumes 
of  all  gases  (under  like  conditions)  contain  the  same  number  of 
molecules,  in  the  2  litres  of  hydrochloric  acid  there  must  be  twice 
as  man]f  molecules  of  that  compound,  as  there  were  of  hydrogen 
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molecules  in  the  i  litre,  or  of  chlorine  molecules  in  the  other. 
But  each  molecule  of  hydrochloric  acid  is  composed  of  chlorine 
and  hydrogen  (from  other  considerations  one  atom  of  each  element]^ 
therefore  there  must  have  been  at  least  twice  as  many  atoms 
of  hydrogen,  in  the  litre  of  that  gas,  as  .there  were  molecules; 
and  by  the  same  reasoning,  twice  as  many  chlorine  atoms  in  the 
litre  of  chlorine,  as  there  were  molecules :  in  other  words,  both 
hydrogen  and  chlorine  molecules  consist  of  two  atoms.  The 
molecular  weight  of  hydrogen  therefore  is  2  ;  that  is,  its  molecule 
is  twice  as  heavy  as  its  atom.  The  atom  of  hydrogen  is  the  unit 
to  which  molecular  weights  are  referred,  while  the  weight  of  the 
molecule  of  hydrogen  is  taken  as  the  standard  of  densities  or 
specific  gravities. 

In  order,  therefore,  to  find  the  molecular  weight  of  any  gas  or 
Vapour,  it  is  necessary  to  learn  its  density — that  is,  to  ascertain 
how  many  times  a  given  volume  of  it  is  heavier  than  the  same 
volume  of  hydrogen,*  and  to  double  the  number  so  obtained.f 

The  following  table  gives  the  densities  or  specific  gravities  of  all 
the  elements  whose  vapour  densities  have  been  determined.  The 
list  includes  all  those  elements  which  are  gases  at  the  ordinary 
temperature,  and  those  that  can  be  vaporised  under  conditions 
which  render  such  determinations  experimentally  possible.  (Hy- 
drogen being  taken  as  unity,  the  other  numbers  are  the  approxi- 
mate values,  which  for  purposes  of  discussion  are  more  suitable 
than  figures  that  run  to  two  or  three  decimal  places.) 

127 
1 1.5 

19.5 
32.5 
56 

100 
63 

150 

*  Certain  exceptions  to  this  rule  are  discussed  under  the  subject  of  Dissocia- 
tion, chap.  X. ,  p.  85. 

t  The  specific  gravity  of  hydrogen,  as  compared  with  air  taken  as  imitj. 
is  0.0693,  or  air  is  14.43  times  heavier  than  hydrogen.  If,  therefore,  it  be 
desired  to  find  the  molecular  weight  of  a  given  gas,  whose  density  as  comptfed 
with  air  is  known,  it  is  only  necessary  to  multiply  its  density  (air  =  z)  bj  the 
number  14.43,  which  gives  its  density  as  compared  with  hydrogen,  and  then  to 
double  the  number  so  obtained. 


Hydrogen    . 

I 

Iodine 

Nitrogen 

.     14 

Sodium 

Oxygen 

.     16 

Potassiiun 

Fluorine 

.     19 

Zinc  . 

Sulphur 

•     32 

Cadmium  . 

Chlorine 

•     35.5 

Mercury    . 

Selenium 

•     79 

Phosphorus 

Bromine 

.     80 

Arsenic 
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Let  us  now  consider  how  the  knowledge  of  the  relative  weights 
of  gaseous  molecules  is  utilised,  in  assigning  a  particular  number 
as  the  atomic  weight  of  an  element 

The  molecular  weight  of  chlorine  is  71.  It  has  been  shown  that 
the  molecule  certainly  contains  more  than  i  atom,  and  probably  2, 
in  which  case  35.5  would  represent  the  relative  weight  of  the  atom. 

The  compound  hydrochloric  acid  has  the  molecular  weight  36.5. 
It  has  been  already  proved  that  this  compound  contains  i  atom  of 
hydrogen,  therefore  36.5  -  i  =  35.5. 

The  cotnpound  carbon  tetrachloride  gives  a  molecular  weight 
154.  Analysis  shows  that  this  compound  contains  12  parts  of 
carbon  in  154  parts,  therefore  154  -  12  »  142  =  35.5  x  4. 

In  these  three  molecules  the  weights  of  chlorine  relative  to  the 
weight  of  I  atom  of  hydrogen  are  142,  35.5,  and  71,  the  greatest 
conmion  divisor  of  which  is  35.5.  This  number,  therefore,  is 
selected  as  the  atomic  weight  of  chlorine. 

Again,  it  has  been  shown  that  by  the  action  of  sodium  upon 
water,  the  hydrogen  contained  in  the  water  could  be  expelled  in  two 
separate  portions,  thus  proving  that  there  must  be  2  atoms  of 
hydrogen  in  the  molecule  of  that  compound. 

The  molecular  weight  of  water  is  found  to  be  18,  deducting  from 
this  the  weight  of  the  two  hydrogen  atoms  we  get  18  -  2  =  16. 

The  molecular  weight  of  carbon  monoxide  is  28 ;  28  parts  of 
this  compound  contain  12  parts  of  carbon,  therefore  28  -  12  =  16. 

The  molecular  weight  of  carbon  dioxide  is  44  ;  44  parts  of  this 
compound  also  contain  12  parts  of  carbon,  therefore  44  -  12  =  32. 

When  I  litre  of  oxygen  combines  with  two  litres  of  hydrogen, 
2  litres  of  water  vapour  are  formed  ;  there  are  therefore  twice  the 
number  of  water  molecules  produced  as  there  are  oxygen  mole- 
cules (since  by  Avogadro's  hypothesis  2  litres  contain  twice  as  many 
molecules  as  i  litre).  But  each  water  molecule  contains  certainly 
I  atom  of  oxygen,  therefore  the  original  oxygen  molecules  must 
have  consisted  of  not  less  than  2  atoms.  When  the  density  of 
oxygen  is  determined  it  is  found  to  be  16,  its  molecular  weight 
therefore  is  32. 

In  these  four  various  molecules  the  weights  of  oxygen  relative  to 
the  weight  of  i  atom  of  hydrogen  are  16,  16,  32,  32,  the  greatest 
common  divisor  of  which  is  16.  This  number,  therefore,  is  selected 
as  the  atomic  weight  of  oxygen. 

Again,  it  has  already  been  shown  that  in  the  compound  ammonia, 
the  hydrogen  can  be  removed  in  three  separate  moieties,  proving 
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that  there  must  be  three  atoms  of  that  element  in  the  molecule. 
The  molecular  weight  of  ammonia  is  found  to  be  17,  therefore 
^7  -"  3  =  I4»  which  is  the  weight  of  the  nitrogen. 

The  molecular  weight  of  nitrous  oxide  is  44 ;  44  parts  of  this 
compound  are  found  to  contain  16  parts  of  oxygen  and  28  parts  of 
nitrogen. 

The  molecular  weight  of  nitric  oxide  is  30 ;  30  parts  of  this 
compound  contain  16  parts  of  oxygen  and  14  parts  of  nitrogen. 

The  molecular  weight  of  nitrogen  is  found  to  be  28. 

In  these  four  different  molecules  the  weights  of  nitrogen  relative 
to  the  weight  of  i  atom  of  hydrogen  are  14,  28,  14,  28,  the 
greatest  common  divisor  of  which  is  14.  The  atomic  weight  of 
nitrogen,  therefore,  is  regarded  as  14. 

These  three  examples,  namely,  chlorine,  oxygen,  and  nitrt^gen 
are  instances  of  elements  which  are  gaseous  at  ordinary  tempera- 
tures ;  but  the  same  methods  are  applicable  in  the  case  of  the  non- 
volatile elements,  such  as  carbon,  provided  they  furnish  a  number 
of  compounds  that  are  readily  volatile. 

On  comparing  the  numbers  in  the  foregoing  table  (p.  40),  repre- 
senting the  densities  of  various  elements,  with  the  atomic  weights 
of  those  elements  as  given  on  p.  21,  it  will  be  seen  that  in  the 
first  nine  cases  the  numbers  given  are  approximately  the  same> 
This  agreement  is  merely  because  the  molecules  of  these  elements 
consist  of  two  atoms.  The  molecules  of  sodium,  potassium,  zinc, 
cadmium,  and  mercury  consist  of  only  one  atom ;  their  atomic 
weights,  therefore,  will  be  the  same  as  their  molecular  weights,  that 
is,  twice  their  densities.  The  elements  arsenic  and  phosphorus,  00 
the  other  hand,  contain  in  their  molecules  four  atoms — that  is  to 
say,  the  number  which  represents  the  smallest  weight  of  phosphorus, 
and  of  arsenic,  capable  of  taking  part  in  a  chemical  change,  is  only 
half  the  density,  and  therefore  a  fourth  of  the  molecular  weight 

The  definition  of  atomic  weight  that  is  furnished  by  the  con- 
sideration of  volumetric  relations  may  be  thus  stated.  The  aiowik 
weight  is  the  smallest  weight  of  an  element  that  is  ever  found  in  a 
volume  of  any  gas  or  vapour  equal  to  the  volume  occupied  by  one 
molecule  of  hydrogen^  at  the  same  temperature  and  pressure. 

The  volume  occupied  by  one  molecule  of  hydrogen  is  regarded 
as  the  standard  molecular  volume,  while  that  occupied  by  an  atom 
of  hydrogen — or,  in  other  words,  the  atomic  volume  of  hydrogen — is 
called  the  unit  volume.  The  standard  molecular  volume  therefore 
is  said  to  be  two  unit  volumes;  and  as,  from  Avogadro's  law,  all 
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gaseous  molecules  have  the  same  volmne,  it  follows  that  the  mole- 
coles  of  all  gases  aod  vapours  occupy  two  unit  volumes.  Atomic 
weight  may  therefore  be  defined  as  the  smallest  weight  of  an 
dement  ever  found  in  two  unit  volumes  of  any  gas  or  vapour. 

The  molecular  volume  of  a  gas  is  its  molecular  weight  divided 
by  its  relative  density,  a  ratio  whiqh  in  all  cases  will  obviously 
equal  2,  that  is,  two  unit  volumes. 

The  atomic  volume  of  an  element  in  the  state  of  vapour,  is  its 
atomic  weight  divided  by  its  relative  density.  In  the  case  of  such 
elements  as  chlorine,  nitrogen,  oxygen,  &c.,  whose  molecules  are 
diatomic,  the  quotient  will  be  i — that  is  to  say,  the  atomic  volumes 
of  these  elements  is  equal  to  i  unit  volume.     In  the  case  of  mer- 

cnry  vapour,  however,  we  have  atomic  weight  -  200  „  ^ 

'   ^^    '  density  =«  loo 

The  atomic  volume  of  merciuy  vapour,  therefore,  is  equal  to  2 
tmit  volumes,  and  is  identical  widi  its  molecular  volume. 

On  the  other  hand,  with  the  element  phosphorus  the  atomic 

volume  b  atomic  weig^ht  =  31  « .5   or  one-half  the  unit  volume, 
density  =62 

and  therefore  one-fourth  the  molecular  volume  ;  consequently,  four 
atoms  exist  in  this  molecule. 

The  method  of  determining  atomic  weights  based  upon  volu- 
metric relations,  when  taken  by  itself,  is  not  an  absolutely  certain 
criterion,  for  although  the  atomic  weight  of  an  element  cannot  be 
greater  than  the  smallest  mass  that  enters  into  the  composition  of 
the  molecules  of  any  of  its  known  compounds,  it  might  be  less  than 
this,  as  there  is  always  the  possibility  of  a  new  compound  being 
discovered,  in  which  the  relative  weight  of  an  element  is  such  as  to 
make  it  necessary  to  halve  the  previously  accepted  atomic  weight. 

3.  Determination  of  Atomic  Weight  from  the  Specific 
Heat  of  Elements  in  the  Solid  State.— When  equal  weights  of 

different  substances  are  heated  through  the  same  range  of  tempera- 
ture, it  is  found  that  they  absorb  very  different  quantities  of  heat, 
and  on  again  cooling  to  the  original  temperature,  they  consequently 
give  out  different  amounts  of  heat  Thus,  if  i  kilogramme  of  water, 
and  I  kilogramme  of  mercury,  be  each  heated  to  a  temperature  of 
100^,  and  then  each  be  poured  into  a  separate  kilogramme  of  water 
at  o^  in  the  first  case  the  resultant  mixture  will  have  a  temperature 
of  50",  while  in  the  second  it  will  only  reach  the  temperature  of  3.2* ; 
that  is  to  say,  while  the  water  in  cooling  through  50**  has  raised  the 
temperature  of  an  equal  weight  of  water  from  o**  to  50**,  the  amount 
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of  heat  in  i  kilogramme  of  mercury  at  loo"*  has  only  raised  the 
temperature  of  an  equal  weight  of  water  from  o^  to  3.2%  and  in  so 
doing  has  itself  become  lowered  in  temperature  100  —  3.2  =  96.8". 
The  amount  of  heat  contained,  therefore,  in  equal  weights  of  water 
and  of  mercury  at  the  same  temperature,  as  shown  by  these  figures, 
is  as — 


50  .  3.2 


'  '^hfJ 


50  '  96.8 

therefore  it  requires  30  times  as  much  heat  to  raise  a  given  weight 
of  water  through  a  given  number  of  degrees  as  to  raise  an  equal 
weight  of  mercury  through  the  same  interval  of  temperature,  or 
the  thermal  cap€u:ity  of  mercury  is  ^th  that  of  water. 

The  specific  heat  of  a  substance  is  the  ratio  of  its  thermal 
capacity  to  that  of  an  equal  weight  of  water ;  or,  the  ratio  between 
the  amount  of  heat  necessary  to  raise  a  unit  weight  of  the  sub- 
stance from  o'*  to  i"*,  and  that  required  to  raise  the  same  weight 
of  water  from  o"*  to  i** ;  thus,  the  specific  heat  of  mercury  is  ^  or 
0.033.  Water  is  chosen  as  the  standard  of  comparison  because  it 
possesses  the  highest  thermal  capacity  of  all  known  substances ; 
the  numbers,  therefore,  which  express  the  specific  heats  of  other 
substances  are  all  less  than  unity. 

Dulong  and  Petit  were  the  first  to  draw  attention  (1819)  to  a 
remarkable  relation  which  exists  between  the  specific  heats,  and 
the  atomic  weights,  of  various  solid  elements,  whose  specific  heats 
they  themselves  had  determined.  They  found  that  the  specific 
heats  of  the  solid  elements  were  inversely  as  their  atomid  weights ; 
that  is  to  say,  the  capacity  for  heat  of  masses  of  the  elements  pro- 
portional to  their  atomic  weight,  was  equal.  This  law,  known  as 
the  law  of  Dulong  and  Petit,  may  be  thus  stated :  The  thermal 
capacities  of  atoms  of  all  elements  in  the  solid  state  are  equal. 

The  thermal  capacity  of  an  atom  is  termed  its  atomic  heat; 
hence  the  law  may  be  more  briefly  stated,  all  elements  in  the 
solid  state  have  the  same  atomic  heat.  This  important  constant, 
is  the  product  of  the  atomic  weight  into  the  specific  heat  From 
the  following  table  it  will  be  seen  that  the  number  expressing 
the  atomic  heat  is  not  perfectly  constant :  the  departures  from  the 
mean  6.4  are,  as  a  rule,  only  slight,  and  may  be  attributed  to 
the  fact  that  the  determinations  are  not  always  made  upon  the 
elements  under  conditions  that  are  strictly  comparable.  At  the 
end  of  the  table,  however,  there  are  certain  elements  which  appear 
to  present  marked  exceptions  to  the  law. 
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Sprdfic 
Heat. 

Atomic      Atomic 

Weight.      Heat. 

0.94       X 

7     =  6.6 

0.29      X 

23      =    6.7 

ai66  X 

39     •=-  6.5 

a  122  X 

55     =  6.7 

aii2   X 

56    =  6.3 

ao57  X 

108     =  6.1 

ao32   X 

196     =  6.2 

0.032   X 

200     =  6.4 

ao3i   X 

206.4  =6.5 

a4i     X 

91  ==  37 

a25     X 

II     =  2.75 

a  147  X 

12     =  1.76 

0.177   ^ 

28     =  4.95 

Element. 

Lithium    . 

Sodium 

Potassium 

Manganese 

Iron . 

Silver 

Gold 

Mercury  (solid) 

Lead 

{Beryllium 
Boron  (cryst)  . 
Carbon  (diamond) 
Silicon  (cryst) 

It  will  be  seen  that,  relatively  speaking,  the  four  elements 
which  show  a  considerable  departure  from  the  law  of  Dulong  are 
elements  with  low  atomic  weights.  Low  atomic  weight,  however, 
is  not  always  accompanied  by  such  deviation,  as  is  shown  in  the 
case  of  lithium  and  sodium. 

When  the  different  allotropes  of  carbon  are  experimented  upon, 
it  is  found  that  the  departure  is  not  the  same  for  each  modification 
of  the  element,  thus — 

Diamond   .        .        .0.147 
Graphite  .  a20o 

Charcoal    .        .        .0.241 

It  has  been  observed  that,  as  a  general  rule,  the  specific  heat  of 
an  element  is  slightly  higher  at  higher  temperatures  ;  but  in  the 
case  of  the  four  elements  showing  abnormal  atomic  heats,  this 
increase  rises  rapidly  with  increased  temperature,  until  a  certain 
point  is  reached,  when  it  remains  practically  constant,  and  repre- 
sents an  atomic  heat  which  closely  approximates  to  the  normal 
value ;  thus  in  the  case  of  diamond,  the  specific  heat  at  increasing 
temperatures  is — 


Atomic 
Weight. 

X    12    = 


X 
X 


Atomic 
Heat. 

1.76 
12  =  2.40 
12    =    2.90 


Diamond  at  10.7^  . 

Specific        Atomic      Atomic 
Heat.         Weight.      Hent. 

.      0.1128    X     12    =    1.35 

n 

45°    • 

.    ai47o  X    12  =   1.76 

n 

206°    . 

.      0.2733    X     12    =    3.28 

n 

607*    . 

.      0.4408    X     12    =    5.30 

M 

806'    . 

.      0.4489    X     12    =    5.4 

M 

9Ss'     . 

.    a4sSg  x   12  =  5.5 

Graphite 

at  I0.8' 

>» 

61.3" 

n 

642* 

>» 

978- 
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The  same  result  is  seen  in  the  case  of  graphite,  and  it  is  also  to 
be  remarked,  that  while  at  low  temperatures  there  exists  a  wide 
difference  between  the  specific  heats  of  these  two  modifications  of 
carbon,  this  difference  vanishes  at  a  temperature  of  about  6oo^ 

Specific       Atomic     Atomic 
Heat.         Weight.      Heat. 

.  ai6o4  X  12  B  1.93 

.  ai99o  X  12  =  2.39 

.  a4454  X  12  =  5.35 

.  0.4670  X  12  =  5.50 

Both  the  elements  boron  and  silicon  are  found  to  follow  the 
same  rule,  and  at  moderate  temperatures  their  atomic  heats  nearly 
approximate  the  normal  constant 

The  case  of  the  somewhat  rare  element  beryllium  is  of  special 
interest  from  another  point  of  view,  which  will  be  referred  to  when 
treating  of  the  natural  classification  of  the  elements :  from  the 
following  numbers  *  it  will  be  seen  that  its  atomic  heat  very  rapidly 
rises  with  moderate  increase  of  temperature. 

Specific       Atomic     Atomic 
Heat.         Weight.      Heat. 

Beryllium  at  100'  .  .  .  0.4702  x  9.1  =  4.28 

„            200°  .  .  .  a542o  X  9.1  =  4.93 

„           400*  .  .  .  0.6172  X  9.1  =  5.61 

„            500°  .  .  .  a62o6  X  9.1  =  5.65 

The  relation  between  atomic  weight  and  specific  heat,  established 
by  Dulong  and  Petit,  is  of  service  in  the  determination  of  atomic 
weights,  not  as  a  method  of  ascertaining  the  exact  value  with  any 
degree  of  refinement,  but  rather  as  a  means  of  deciding  between 
two  numbers  which  are  multiples  of  a  common  factor. 

If  specific  heat  x  atomic  weight  =  atomic  heat,  it  will  be  obvious 
that,  if  we  experimentally  determine  the  specific  heat,  and  divide 
that  value  into  the  constant  atomic  heat,  6.4,  we  obtain  the 
approximate  atomic  weight. 

The  two  following  examples  will  serve  to  illustrate  the  applica- 
tion of  the  method. 

The  element  indium  combines  with  chlorine  in  the  proportion-  ■ 

Indium  :  chlorine  =  37.8  :  35.5 
•  Humpidge. 
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If  InCl  is  the  formula,  then  37.8  is  the  atomic  weight  of  indium  ; 
but  from  the  chemical  similarity  between  indium  and  zinc  (whose 
chloride  has  the  formula  ZnCIs),  it  was  believed  that  the  formula 
for  indium  chloride  was  InCl^  in  which  case,  in  order  to  preserve 
the  ratio  between  the  two  elements,  the  atomic  weight  would  have 
to  be  37.8  X  2  =  75.6. 

When  the  specific  heat  of  indium  was  determined,*  it  was  found 
to  be  0.057. 

-^  =  112.28 

Therefore  the  atomic  weight  must  be  raised  by  one  third^  from 
75.6  to  1 13.4,  and  the  formula  for  the  chloride  will  be  InClj. 
The  element  thallium  combines  with  chlorine  in  the  proportion — 

Thallium  :  chlorine  =  203.6  :  35.5 

In  some  of  its  compounds  thallium  exhibits  a  strong  resemblance 
to  potassium,  the  chloride  of  which  has  the  formula  KCL  If  the 
formula  for  the  thallium  chloride  is  TlCl,  the  atomic  weight  of  the 
metal  must  be  203.6. 

In  many  respects  thallium  exhibits  a  striking  analogy  with  lead, 
the  chloride  of  which  has  the  formula  PbClj.  If  thallium  chloride 
has  a  corresponding  formula, '  TICI2,  then  the  atomic  weight  of 
thallium  must  be  raised  to  407.2. 

When  the  specific  heat  of  thallium  was  ascertained,t  it  was  found 

to  be  0.0335. 

6.4 


0-0335 


191-3 


This  result  shows  that  the  number  203.6  and  not  407.2  is  the 
atomic  weight  of  thallium,  and  that  the  chloride  has  the  formula 
TICL 

Moleeular  Heat  of  Compounds.— The  capacity  for  heat  of  an 

atom,  undergoes  no  alteration  when  the  atom  enters  into  combina- 
tion with  different  atoms — in  other  words,  the  atomic  heat  of  an 
element  is  the  same  in  its  compounds.  The  molecular  heat  of  a 
compound  (that  is,  the  product  of  the  molecular  weight  into  the 
specific  heat)  will  therefore  be  the  sum  of  the  atomic  heats  of  its 
constituent  elements.  Hence  it  is  possible  to  calculate  what  will 
be  the  atomic  heat  of  an  element,  which  does  not  exist  as  a  solid 

•  Bunsen,  1870.  t  Regnault. 
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under  ordinary  conditions ;  and  therefore  the  atomic  weight  of 
such  an  element,  as  deduced  from  other  considerations,  is  capable 
of  verification,  by  determinations  of  the  molecular  heat  of  various 
of  its  compounds  :  thus — 
The  specific  heat  of  silver  chloride,  AgCl,  is  0.089  : — 


Specific 

Molecular 

Molecular 

Heat. 

Weight. 

Heat. 

0.089 

X       143.5 

=       12.77. 

The  atomic  heat  of  silver  =  6.1,  therefore,  as  deduced  from  this 
compound,  the  atomic  heat  of  chlorine  is  12.77  —  6.1  =  6.6. 
Again,  the  specific  heat  of  stannous  chloride,  SnCl,,  is  0.1016 :— 


Specific 

Molecular 

Molecular 

Heat. 

Weight. 

Heat. 

aroi6 

X       189     .= 

19.2. 

The  atomic  heat  of  tin  is  6.6,  therefore  the  atomic  heat  of  two 
atoms  of  chlorine,  as  deduced  from  this  compound,  is  19.2  —  6.6= 
12.6,  giving  6.3  as  the  atomic  heat  of  chlorine. 

The  differences  that  appear  in  the  value,  as  deduced  from 
various  compounds,  are  lessened,  because  the  errors  of  the 
method  are  more  equally  distributed,  if  we  divide  the  molecular 
heat  by  the  nimiber  of  atoms  in  the  molecule.  Thus,  in  the 
two  examples  quoted,  silver  chloride  consists  of  two  atoms,  while 
the  molecule  of  stannous  chloride  contains  three.;  if,  therefore,  the 
molecular  heats  of  these  two  compounds  are  divided  respectively 
by  2  and  by  3  we  get — 

i^7^6.38.a„d'>?  =  6.4, 

as  the  value  representing  the  atomic  heat  of  chlorine. 
The  element  calcium  combines  with  chlorine  in  the  proportion- 
Calcium  :  chlorine  =  20  :  3S>5* 

If  the  atomic  weight  of  calcium  is  20,  the  formula  will  be  CaCl^ 

whereas  if  40  is  the  atomic  weight  of  the  metal,  the  compound 

must  be  represented  by  the  fonnula  CaCl^. 

The  molecular  weight  of  CaCl  would  be  55.5,  that  of  CaCl^  i  ii.a 

When  the  specific  heat  of  the  compound  was  determined,  it 

was  found  to  be  0.1642.     In  order,  therefore,  to  decide  between 
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the  two  values  for  the  atomic  weight  of  calcium,  we  calculate  the 

molecular  heat  from  both  of  the  molecular  weights,  and  divide  the 

result  by  the  number  of  atoms  in  the  molecule  in  each  case. 

On  the  supposition  that  Ca  =  20,  and  that  CaCl  represents  the 

chloride  : — 

CaCl  0.1642  X  55.5 

cac/  .        .        . -^  =4-55- 

Or,  if  Ca=40,  and  CaCl2  is  the  formula  for  the  chloride,  then — 

c>^r-y                      a  1642  X  III.o 
CaLls .        .        .  2 — «  5  Q7 

The  number  6.07,  which  nearly  agrees  with  the  constant  6.4, 
decides  the  value  40  as  the  atomic  weight  of  calcium.  The 
element  calcium  is  one  of  those  metals  which  it  is  very  difficult  to 
isolate  and  obtain  in  a  state  of  purity,  but  when  in  recent  years 
the  specific  heat  of  this  metal  was  experimentally  determined,* 
it  was  found  to  be  a  1704 : — 

a  1 704  X  40  =  6.8. 

Thus  affording  direct  confirmation  of  the  value  40  for  the  atomic 
weight  of  calcium,  which  had  been  deduced  from  the  molecular 
heat  of  its  compounds. 

Deductions  based  upon  molecular  heats  of  compounds,  are  only 
trustworthy  in  the  case  of  the  most  simply  constituted  compounds. 

4.  Det^nnination  of  Atomie  Weight  f^m  Considerations 
based  on  Isomorphism. — It  was  early  observed  that  certain  rela- 
tions existed  between  the  crystalline  forms  of  compounds,  and  their 
chemical  composition.  Mitscherlich  found  that  certain  substances 
having  an  analogous  chemical  composition,  as  for  example,  sodium 
phosphate  and  sodium  arsenate,  crystallised  in  the  same  geometric 
form.  In  the  year  1 82 1  he  stated  his  law  of  isomorphism  as  follows  : 
"  The  same  number  of  atoms,  combined  in  the  same  way,  give  rise 
to  the  same  crystalline  form,  which  is  independent  of  the  chemical 
nature  of  the  atoms,  being  influenced  only  by  their  number  and 
mode  of  arrangement"  Subsequent  investigations,  however,  have 
shown  that  this  statement  is  too  general. 

In  its  broad  sense,  as  signifying  the  same  crystalline  form, 
isomorphism  is  found  to  exist — 

I.  Between  compounds  containing  the  same  number  of  atoms 

•  Bunsen. 
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similarly  combined,  and  which  bear  close  chemical  analogies  to 
each  other. 

Isomorphous  P"^  ^P^^     ....    ZnSO^JHjO. 
I  Magnesium  sulphate  .        .        .    MgS04,7H20. 

Isomorphous  \  hydrogen  disodium  phosphate  .     HNaaP04,12HjO. 
I  Hydrogen  disodium  arsenate     .     HNa2As04,12H20. 

/Rubidium  alum.        .  .     Rb,S04,Al,(S04)„24H,0. 

Isomorphous<P°'*^"™*^^°"'=^^     •        •     K^04,Cr2(S04)s.24H,0. 
)  Potassium  aluminium  selenium  )      „  „  ^    .,  #«  ^  »   «.„  ^ 
V        lum     .        .        .        .       }     KaSc04.AySe04)„24HiO. 

2.  Between  compounds  containing  a  different  number  of  atoms, 
but  which  also  bear  close  chemical  analogies  to  one  another. 

Isomorphous  I  ^""^'^^^^^^^'j^^-        •        '    ^f^ 
\  Potassium  chlonde     .  .     KCL 

Isomorphous  I  ^^"^"^""^  s"^P^**  •        *        '     ^^i^^^' 
I  Potassium  sulphate    .  KSSO4. 

3.  Between  compounds  containing  either  the  same  or  a  different 
number  of  atoms,  and  which  exhibit  little  or  no  chemical  analogies. 

Isomorohous  I  S^"™  nitrate  ....    NaNOj. 
( Calcium  carbonate     .  .    CaCOs. 

T.^»,^...«i>r«..«  J  Sodiimi  sulphate  (anhydrous)    .    NaoS04. 
Isomorphous  \  ^^^  pei^anplnate       .        .    BaMn^,. 

Isomorphism  of  this  order,  where  little  or  no  chemical  relations 
exist  between  the  compounds,  is  sometimes  distinguished  as 
isogonism.  It  must  not  be  supposed,  that  because  two  chemically 
analogous  compounds  contain  the  same  number  of  atoms,  they  will 
necessarily  crystallise  in  the  same  form  :  there  are  indeed  a  large 
number  of  similarly  constituted  analogous  compounds  that  do  not 
exhibit  isomorphism. 

No  simple  definition  of  isomorphism  is  possible,  but  the  following 
test  is  generally  accepted  as  a  criterion,  namely,  the  power  to  form 
either  mixed  crystals  or  layer  crystals.  Thus,  when  two  substances 
are  mixed  in  a  state  of  liquidity,  and  allowed  to  crystallise,  if  the 
crystals  are  perfectly  homogeneous,  they  are  known  as  mixed 
crystalsj  and  the  substances  are  regarded  as  isomorphous. 

Or  when  a  crystal  of  one  compound  is  placed  in  a  solution  of 
another  compound,  and  the  crystal  continues  to  grow  regularly 
m  the  liquid,  the  compounds  are  isomorphous.     Thus,  if  a  crystal 
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of  potassium  alum  (white)  be  placed  in  a  solution  of  manganese 
alum,  the  crystal  continues  to  grow  without  change  of  form,  and 
a  layer  of  amethyst-coloured  manganese  alum  is  deposited  upon  it. 

In  making  use  of  the  law  of  isomorphism  in  the  determination  of 
atomic  weights,  it  is  assumed  that  the  weights  of  different  atoms 
that  can  mutually  replace  each  other  without  altering  the  crystal- 
line form,  are  proportional  to  their  atomic  weights.* 

Thus,  if  we  suppose  that,  in  the  case  of  the  sulphates  of  zinc 
and  magnesium,  the  atomic  weight  of  zinc  is  known,  viz.,  65,  and 
that  of  magnesium  is  doubtful ;  from  the  fact  of  the  isomorphism 
of  the  sulphates  it  may  be  premised  that  the  elements  are  present  in 
proportions  relative  to  their  atomic  weights.  Analysis  shows  that 
the  proportion  is  24  of  magnesium  to  65  of  zinc,  therefore  24  is  pre- 
sumably the  atomic  weight  of  magnesium* 

In  this  way  Berzelius  corrected  many  of  the  atomic  weights 
which  in  his  day  had  been  assigned  to  the  elements. 

*  The  group  (NHJ  may  be  regarded  as  an  atom,  having  the  relative  weight  18. 


CHAPTER  VII 

QUANTITATIVE  CHEMICAL  NOTATION 

The  use  of  chemical  symbols  and  formulae,  as  a  convenient  means 
of  representing  concisely  the  qualitative  nature  of  chemical  changes, 
has  been  explained  in  chapter  iv.  We  are  now  in  a  position  to 
read  into  these  symbols  a  quantitative  significance,  which  at  that 
stage  it  would  have  been  premature  to  explain. 

The  symbol  of  an  element  stands  for  an  atom  ;  but,  as  we  have 
now  learnt,  the  atoms  of  the  various  elements  have  different  relative 
weights,  hence  these  symbols  represent  relative  weights  of  matter. 
The  symbol  Na  signifies  23  relative  parts  by  weight  of  sodium,  0 
stands  for  16  relative  parts  by  weight  of  oxygen,  H  for  i  pait  of 
hydrogen  ;  in  other  words,  the  weight  of  sodium  represented  by 
the  symbol  Na,  is  33  times  as  heavy  as  that  which  is  conveyed 
by  the  symbol  H.  A  chemical  equation,  therefore,  is  a  strictly 
quantitative  expression,  in  which  certain  definite  weights  of  matter 
are  present  in  the  form  of  the  reacting  substances,  and  which 
reappear  without  loss  or  gain  in  the  compounds  resulting  from  the 
change.  In  this  sense  a  chemical  equation  is  a  mathematical 
expression.    Thus,  the  equation — 

Na  +  CI  =  NaCl, 

not  only  means  that  an  atom  of  sodium  combines  with  an  atom  of 
chlorine  and  forms  i  molecule  of  sodium  chloride,  but  it  also  means 

23  +  35.5  =  5^.5 
Na      CI      NaCl. 

In  other  words,  that  sodium  and  chlorine  unite  in  the  relative  pro- 
portion of  23  parts  of  the  former,  and  35.5  parts  of  chlorine,  and 
produce  58.5  parts  of  sodium  chloride. 

In  the  same  way,  into  the  equation  which  expresses  the  action  of 
sulphuric  acid  upon  sodium  carbonate,  we  read  the  quantitative 
meaning  of  the  symbols — 


^7 
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HaS04  +  NajCOj  =  Na2S04  +  CO,  +  HjO. 
2  46  46 

32  12  32  12  2 

64  48  64  32         16 


98*    +      106     ■■      142+44+18 

That  is  to  say,  98  parts  by  weight  of  sulphuric  acid  act  upon 
106  parts  of  sodium  carbonate,  producing  142  parts  of  sodium 
sulphate,  44  parts  of  carbon  dioxide,  and  18  parts  of  water.  It  will 
be  evident  that  it  becomes  a  matter  of  the  simplest  arithmetic,  to 
calculate  the  weight  of  any  product  that  can  be  obtained  from  a 
given  weight  of  the  reacting  substances ;  or  vice  versd,  to  find 
the  weight  of  any  reacting  substance  which  would  be  required  to 
produce  a  given  weight  of  the  product  of  the  action. 

Not  only  is  information  respecting  the  quantitative  relations 
by  weight  embodied  in  a  chemical  equation,  but  when  gaseous 
substances  are  reacting,  the  equation  also  represents  the  volu- 
metric relation  between  the  gases.  In  order  that  the  volumetric 
relations  may  be  more  manifest,  the  equations  expressing  the  re- 
actions are  written  in  such  a  manner  as  to  represent  the  molecules 

of  the  substances. 

H  +  CI  =  HCl 

is  an  atomic  equation,  but  as  the  molecule  is  the  smallest  particle 
which  can  exist  alone,  a  more  exact  statement  of  the  chemical 
change  is  made,  by  representing  the  action  as  taking  place  between 
molecules,  thus — 

H,  +  CI,  =  2HCL 

From  such  an  equation  we  see  that  i  molecule  of  hydrogen,  or 

2  unit  volumes,  unites  with  i  molecule  or  2  unit  volumes  of  chlorine, 

and  fonns  2  molecules  or  4  unit  volumes  of  hydrochloric  acid  : 

or  again — 

O,  +  2H,  =  2H80. 

One  molecule,  or  2  unit  volumes  of  oxygen,  unite  with  2  mole- 
cules, or  4  unit  volumes  of  hydrogen,  and  produce  2  molecules  of 
water,  which  when  vaporised,  and  measured  under  the  same  con- 
ditions of  temperature  and  pressure,  occupy  4  unit  volumes.     In 

•  The  number  obtained  by  adding  together  the  weights  of  the  atoms  in  a 
formula  is  known  as  a  "  formula  weight,"  thus  98  is  the  formula  weight  of 
sulphuric  acid. 
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other  words,  the  number  of  molecules,  in  all  cases  *  where  gases 
and  vapours  are  concerned,  represent  exactly  the  volumetric 
relations.  In  the  cases  quoted,  it  will  be  observed,  the  same  ratio 
also  subsists  between  the  number  of  atoms  of  the  reacting  gases 
and  the  molecules  of  the  compound,  but  this  is  not  always  the 
case,  for  example — 

Atomic  equation,  Hg  +  2C1  =  HgCl2. 

In  this  equation  3  atoms  unite  to  produce  i  molecule,  but  the 
ratio  between  the  volumes  is  not  represented  by  the  statement, 

1  volume  of  mercury  vapour  and  2  volumes  of  chlorine  produce 

2  volumes  of  vapour  of  mercury  chloride. 

Molecular  equation,  Hg  +  Clj  »  HgClj^ 

By  this  we  see  that  i  molecule  f  (2  unit  volumes)  of  mercury 
vapour,  and  i  molecule  (2  unit  volumes)  of  chlorine,  give  i  mole- 
cule (2  unit  volumes)  of  vapour  of  mercury  chloride. 

Again,  P  +  3C1  =  PCI3  is  an  atomic  equation,  showing  that 
I  atom  of  phosphorus  unites  with  3  atoms  of  chlorine ;  but  it  is  not 
true  that  the  ratio  between  the  volumes  is  represented  by  the  state- 
ment, I  volume  of  phosphorus  vapour  combines  with  3  volumes  of 
chlorine,  and  gives  2  volumes  of  the  vapour  of  phosphorus  trichlo- 
ride, as  will  be  seen  by  comparison  with  the  molecular  formulae — 

P4  +  6C1,  =  4PCI5. 

This  equation  tells  us  that  i  molecule  X  (2  unit  volumes)  of  phos- 
phorus vapour  combines  with  6  molecules  (12  unit  volumes)  of 
chlorine,  producing  4  molecules  (8  unit  volumes)  of  phosphorus 
trichloride  vapour. 

Knowing  the  relative  densities  of  gases  compared  with  hydro- 
gen, it  is  obviously  possible,  by  ascertaining  the  actual  weight  in 
grammes  of  some  definite  volume  of  hydrogen,  to  calculate  the 
actual  weight  of  any  given  volume  of  any  other  gas. 

Two  units  are  in  common  use,  namely — 

(i.)  The  weight  of  i  litre  of  hydrogen,  measured  at  a  temperature 
of  0°  C,  and  under  a  pressure  of  760  mm.  of  mercury. § 

*  See  Dissociation,  where  apparent  exceptions  are  explained, 
f  The  atomic  volume  of  mercury  vapour  being  equal  to  2  unit  volumes  (p.  43). 
X  The  atomic  volume  of  phosphorus  is  .5  of  a  unit  volume  (p.  43). 
§  This  temperature  and  pressure  is  chosen  as  the  standard  at  which  vohmies 
of  gases  are  compared.     See  General  Properties  of  Gases,  chapter  ix. 
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(a.)  The  volume  occupied  by  i  gramme  of  hydrogen,  measured 
under  the  same  conditions. 

I.  One  litre  of  hydrogen,  measured  at  the  standard  temperature 
and  pressure,  weighs  .0896  grammes.*  This  number  is  known  as 
the  crithji  and  by  means  of  it  the  weight  of  i  litre,  and  therefore 
any  given  volume,  of  any  gas  can  be  deduced :  thus,  the  relative 
densities  of  oxygen,  nitrogen,  and  chlorine  are  16,  14,  and  35.5 
respectively,  therefore  i  litre  of  these  gases  (measured  always  at 
the  standard  temperature  and  pressure)  weighs  16  criths,  14  criths, 
and  35.5  criths  respectively,  or — 

I  litre  of  oxygen  weighs  16     x  .0896  =»  1.4336  grammes. 
I       „      nitrogen      „      14     x  .0896  =  1.2544        „ 
I       „      chlorine      „     35.5  x  .0896  =  3.1808        „ 

So  also  with  reference  to  compound  gases,  where  in  each  case 
the  density  is  represented  by  the  half  of  the  molecular  weight. 
Thus,  the  relative  densities  of  hydrochloric  acid,  ammonia,  and 
carbon  dioxide  are — 

HCl  l+JH  ^  ,8.    , 

2  "* 

NH,  '-^3  ^  8.5. 
CO,  '-1+3?  =  22 

2 

and  the  weights  of  i  litre  of  these  gases  are  therefore — 

I  litre  of  hydrochloric  acid  =  18.25  ^  .0896  =  1.6352  gramme. 
I       „      ammonia  <=>    8.5    x  .0896  ==  a76io        „ 

I       „      carbon  dioxide      =>  22.0    x  .0896  =1.9712        „ 

II.  The  volume  occupied  by  i  gramme  of  hydrogen  at  the 
standard  temperature  and  pressure  is  11. 165  litres.  As  the  rela- 
tive density  of  oxygen  is  16,  it  obviously  follows  that  16  grammes 
of  this  gas  will  also  occupy  11. 165  litres;  in  other  words,  this 
number  11. 165  represents  the  volume  in  litres  of  any  gas,  which 

•  From  time  to  time  slightly  different  values  have  been  given  for  this 
constant     The  most  recent  determinations  give  the  number  .08988. 

+  From  the  Greek,  signifying  a  barley-corn,  and  used  symbolically  to  denote 
a  little  weight 
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will  be  occupied  by  the  number  of  grammes  corresponding  to  its 
relative  density,  thus — 

14  grammes  of  nitrogen    .        .    occupy  11. 165  litres. 
35.5         „         chlorine    .        .         „      11. 165     „ 
18.25       „         hydrochloric  acid       „       11. 165     „ 
22.0         „         carbon  dioxide .         „       11. 165     „ 

The  number  of  grammes  of  a  substance,  equal  to  the  number 
which  represents  its  molecular  weight,  is  spoken  of  as  the  gramme- 
molecule.  The  molecular  weight  of  hydrogen  =  2,  therefore  the 
gramme-molecule  of  hydrogen  (that  is,  2  granunes  of  hydrogen) 
will  occupy  1 1. 165  X  2  =  22.33  litres.  The  molecular  weight  of 
oxygen  =  32,  therefore  32  grammes  of  oxygen  will  occupy  22.33 
litres ;  in  other  words,  22.33  litres  is  the  volume  which  will  be 
occupied  by  the  gnunme-molecule  of  any  gas. 

By  means  of  this  important  constant,  22.33,  the  volume  of  any, 
or  all,  of  the  gaseous  products  of  a  chemical  change  (when 
measured  at  the  standard  temperature  and  pressure)  can  be  de- 
duced directly  from  the  equation  representing  the  change,  thus — 

Zn  +  H,S04  =  ZnS04  +  H, 

expresses  the  ;«9t!(ion  taking  place  when  zinc  is  dissolved  in 
sulphuric  acid.  Just  as  in  the  former  illustrations  it  carries  the 
information  that  65  grammes  of  rinc  +  98  granunes  of  sulphuric 
acid  produce  161  grammes  of  zinc  sulphate  and  2  grammes  of 
hydrogen.  But  2  grammes  of  hydrogen  occupy  22.33  litres,  there- 
fore by  the  solution  of  65  grammes  of  zinc,  the  volume  of  hydrogen 
obtained  will  be  22.33  litres. 

So  also  in  the  following  equation,  which  represents  the  formation 
of  carbon  dioxide  from  chalk  (calcium  carbonate)  by  the  action 
upon  it  of  hydrochloric  acid — 


CaCO,       + 

2HC1       = 

CaCl,    +     H2O     + 

CO^ 

40-I-12-I-48 

2(1+35-5) 

40-^71          2-I-16 

12+32 

100         + 

73 

III      +        18      + 

44 

100  grammes  of  chalk,  when  acted  upon  by  73  grammes  of  hydro- 
chloric acid,  yield  iii  grammes  of  calcium  chloride,  and  18 
grammes  of  water,  and  44  grammes  of  carbon  dioxide. 

Carbon  dioxide  is  gaseous,  therefore  44  grammes  (the  gramme- 
molecule)  will  occupy,  at  the  standard  temperature  and  pressure^ 
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22.33  litres ;  hence,  by  the  decomposition  of  100  grammes  of 
chalk,  22.33  litres  of  carbon  dioxide  are  produced. 

This  chapter  may  be  concluded  with  one  illustration  of  the 
methods  employed  in  the  exact  determination  of  atomic  weights, 
which  depends  essentially  upon  the  quantitative  character  of 
chemical  reactions.  By  the  three  following  processes  the  atomic 
weights  of  chlorine,  potassium,  and  silver  may  be  deduced. 

1.  By  heating  a  known  weight  of  potassium  chlorate,  the  formula 
weight  of  potassium  chloride  is  found — 

KClOf  =  KCl  +  30. 

50  granmies  of  potassium  chlorate  when  heated,  left  a  residue 
of  potassium  chloride  weighing  30.395  grammes.  50  -  30.395  = 
19.605  B  grammes  of  oxygen  evolved. 

As  potassium  chlorate  contains  in  its  formula  weight  3  atoms 
of  oxygen  (16  x  3  =  48),  we  get  the  expression — 

19.605  :  30.395=48  :  74.40= formula  weight  of  potassium  chloride. 

2.  By  dissolving  a  known  weight  of  potassium  chloride,  and 
adding  to  it  excess  of  silver  nitrate,  silver  chloride  is  precipitated, 
which  can  be  washed  and  dried  and  weighed,  and  from  which 
the  formula  weight  of  silver  chloride  is  obtained — 

KCl  +  AgNOa  =  AgCl  +  KNO,. 

10  grammes  of  potassium  chloride  were  found  to  yield  19.225 
grammes  of  silver  chloride  ;  therefore, 

10  :  19.225  =  74.40  :  143.03  =  formula  weight  of  silver  chloride. 

3.  By  the  direct  combination  of  silver  and  chlorine,  by  heating 
the  metal  in  a  stream  of  the  gas,  the  ratio  of  chlorine  to  silver 
in  silver  chloride  is  found : 

10  grammes  of  silver  so  treated  yielded  13.285  grammes  of  silver 
chloride ;  therefore, 

13.285  :  10  =  143.03  :  107.66  =  atomic  weight  of  silver. 

Since  the  formula  weight  of  silver  chloride,  AgCl  =  i43-03» 

therefore,  143.03  -  107.66  =  35.37  =  atomic  weight  of  chlorine. 
And  since  the  formula  weight  of  potassium  chloride,  KCl  =74.40, 

therefore,  74.40  -  35.37  =  39.03  =  atomic  weight  of  poXa^svvrrcu 


CHAPTER  VIII 

VALENCY  OF  THE  ELEMENTS 

When  chlorine  unites  with  hydrogen,  the  combination  takes  place 
between  one  atom  of  chlorine  (relative  weight  »  35* SX  ^^^  one 
atom  of  hydrogen  (relative  weight  »  i) ;  but  when  oxygen  ccnn- 
bines  with  hydrogen,  one  atom  of  oxygen  unites  with  two  atoms 
of  hydrogen.  The  compound  ammonia  consists  of  one  atom  of 
nitrogen,  combined  with  tAree  atoms  of  hydrogen  ;  while  one  atom 
of  carbon,  on  the  other  hand,  can  unite  with  /our  atoms  of 
hydrogen. 

One  atom  of  chlorine  never  combines  with  more  than  one  atom 
of  hydrogen  ;  its  affinity  for  that  element  is  satisfied,  or  saturated^ 
by  union  with  one  atom. 

The  affinity  of  one  atom  of  oxygen  for  hydrogen,  however,  b 
not  satisfied  by  one  atom  of  that  element,  but  requires  two  atoms 
for  its  saturation  ;  while  nitrogen  requires  three,  and  carbon  four 
hydrogen  atoms,  in  order  to  satisfy  their  respective  affinities  for 
this  element 

This  varying  power  of  combining  with  hydrogen  is  seen  in  a 
number  of  other  instances :  thus,  the  elements  fluorine,  bromine, 
and  iodine,  resemble  chlorine  in  being  only  able  to  unite  with  one 
atom  of  hydrogen.  Sulphur,  like  oxygen,  has  its  affinity  for 
hydrogen  saturated  by  two  atoms  of  that  element  Phosphorus 
and  arsenic  require  three  atoms  of  hydrogen  in  order  to  saturate 
their  combining  capacity,  while  silicon  resembles  carbon  in  com- 
bining with  four  hydrogen  atoms.  This  combining  capacity  of 
an  element  is  termed  its  valency.  Elements  like  chlorine, 
fluorine,  bromine,  and  iodine,  whose  atoms  are  only  capable 
of  uniting  with  one  atom  of  hydrogen,  are  called  monovaimt 
(or  sometimes  monad)  elements  ;  while  those  whose  atoms  com- 
bine with  two,  three,  or  four  hydrogen  atoms,  are  distinguished 
as  di-valcnt  (or  dyad),  tri-valent  (or  triad),  and  tetra-valent  (or 

tetrad)  elements.      All   elements,   however,   are   not  capable  of 
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entering  into  combination  with  hydrogen  ;  in  which  case,  their 
valency  is  measured  by  the  number  of  atoms  of  some  other 
monovalent  element  which  is  capable  of  satisfying  their  com- 
bining capacity.    Thus : — 

atom  of  sodium  combines  with  i  atom  of  chlorine,  forming  NaQ. 


calcium       ..        ..       2  atoms 


boron  „  „  3 

tin  ,,  „  4 

phosphorus*  ,,  5 

tungsten     „  „  '  6 


It 


CaClj. 

BCls. 

SnCl4. 

PCI5. 

WCI«. 


In  the  combinations  of  elements  with  hydrogen  alone,  no  in- 
stances are  known  in  which  a  higher  valency  is  exhibited  than 
that  of  four ;  but  with  chlorine  as  here  seen,  cases  are  known  in 
which  elements  exhibit  pentavalent  and  hexavalent  characters. 

Measured  by  their  combining  capacity  for  hydrogen  and  chlorine, 
elements  do  not,  however,  always  exhibit  the  same  valency : 
thus,  the  affinity  of  phosphorus  for  hydrogen  is  satisfied  by  three 
hydrogen  atoms,  whereas  one  atom  of  this  element  can  unite  with 
five  atoms  of  chlorine. 

As  measured  by  hydrogen,  the  valency  of  sulphur  is  two,  the 
compound  that  it  forms  with  hydrogen  being  expressed  by  the 
formula  SH^  while,  as  estimated  by  its  capacity  for  chlorine,  it 
becomes  tetravalent,  as  seen  in  the  compoimd  SCI4.  As  a  general 
rule,  however,  the  highest  number  of  monovalent  atoms  with  which 
one  atom  of  an  element  is  capable  of  combining,  is  accepted  as 
representing  the  valency  of  that  element  Thus,  one  atom  of 
phosphorus  not  only  combines  with  five  atoms  of  chlorine,  but 
also  with  five  atoms  of  fluorine ;  phosphorus  is  therefore  a  penta- 
valent element. 

As  measured  by  hydrogen  alone,  or  by  chlorine  alone,  nitrogen 
is  a  trivalent  element,  for  the  largest  number  of  these  atoms  with 
which  one  atom  of  nitrogen  can  unite  is  three,  as  seen  in  the 
compounds  having  the  composition  NH3  and  NCI3;  neverthe- 
less, one  atom  of  nitrogen  is  capable  of  combining  with  four 
atoms  of  hydrogen  and  one  of  chlorine,  forming  the  compound 
NH4CI,  anunonium  chloride,  in  which  the  nitrogen  atom  is  penta- 
valent. 

This  rule,  however,  is  not  always  followed  ;  for  example,  one 
atom  of  iodine  will  unite  with  three  atoms  of  chlorine,  forming  the 

*  Phosphorus  also  combines  with  hydrogen. 
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compound  ICl^,  but  iodine  is  not  generally  regarded  as  a  trivalent 
element.* 

In  symbolic  notation,  this  power  possessed  by  an  atom,  of  uniting 
to  itself  monovalent  atoms,  is  often  represented  by  lines,  each  line 
signifying  the  power  of  combination  with  one  monovalent  atom. 
Thus,  in  the  symbol  H — CI,  the  line  is  intended  to  give  a  concrete 
expression  to  the  fact  that  both  hydrogen  and  chlorine  are  mono- 
valent elements,  and  that  the  affinity  of  each  element  for  the 
other  is  satisfied,  when  one  atom  of  the  one,  unites  with  one  atom  of 
the  other.  The  symbol  H — O — H,  in  like  manner,  signifies  that 
the  oxygen  atom  is  divalent,  that  its  affinity  for  hydrogen  is  satisfied 
only,  when  it  has  united  with  two  monad  atoms.  In  the  same  way 
we  may  express  the  facts  that  nitrogen  and  carbon,  in  their  com- 
binations with  hydrogen,  are  respectively  trivalent  and  tetravalent, 

H 


by  thp  symbols  H — N — H,  and  H — C — H.   These  lines  are  merely 

i      J. 

a  convenient  symbolic  expression  for  the  operation  of  the  force  of 
chemical  affinity ;  their  length  and  direction  bear  no  meaning.t 
The  power  to  combine  with  one  monovalent  atom  is  sometimes 
spoken  of  simply  as  one  affinity :  thus  it  is  said  that  in  the  com- 
pound having  the  composition  PHj,  or  H — P — H,  three  of  the 

H 
affinities  of  the  phosphorus  atom  are  saturated,  and  that  two 
affinities  still  remain  unsatisfied,  phosphorus,  as  already  stated, 
being  a  pentavalent  element. 

*  See  Iodine,  Compounds. 

t  The  student  cannot  be  too  often  warned  against  attaching  any  materialistic 
significance  to  these  lines,  llie  use  of  this  convention  is  alvrays  attended  vhb 
the  danger  that  the  beginner  is  liable  to  fall  into  the  error  of  regarding  these 
lines  as  representing  in  some  manner  fixed  points  of  attachment,  or  finks, 
between  the  atoms.  It  must  be  remembered,  therefore,  that  these  lines  not  oolf 
have  no  materialistic  signification,  but  they  must  not  even  be  regarded  as  ooovcf* 
ing  any  statical  meaning.  The  atoms  are  undergoing  rapid  movements  vith 
respect  to  each  other,  which  movements  arc  in  some  way  governed  by  the 
chemically  attractive  force  exerted  by  the  individual  atoms  upon  one  ^^nfljby ; 
and  the  molecule  will  be  more  correctly  considered,  if  we  regard  its  atoms  is 
being  held  together  in  a  manner  resembhng  that  by  which  the  numben  of  a 
cosmical  system  are  bound  together.  The  Unes  simply  denote  that  the  atoms 
are  held  to  each  other  by  the  attractive  force  which  we  call  chemical  affinity. 
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Compounds  of  this  order,  in  which  one  of  the  elements  has  still 
unsatisfied  affinities,  are  called  unsaturated  compounds. 

In  its  power  to  satisfy  the  affinities  of  an  element,  a  divalent 
atom  is  equal  to  two  monovalent  atoms  :  thus,  when  the  affinities  of 
the  tetravalent  carbon  atom  are  saturated  with  oxygen,  the  mole- 
cule contains  two  atoms  of  oxygen,  which  may  be  symbolically 
expressed  thus,  O  »  C  <=>  O,  in  which  the  four  affinities  of  the 
carbon  (represented  by  the  four  lines)  are  satisfied  by  the  two 
divalent  atoms  of  oxygen.  Carbon,  however,  combines  with  a 
smaller  proportion  of  oxygen,  forming  the  compound  carbon  mon- 
oxide, CO.  The  carbon  atom  in  this  case  is  divalent,  as  expressed 
by  the  formula  C  *=  O,  and  this  substance  is  also  an  unsaturated 
compound. 

The  number  of  divalent  atoms  with  which  an  element  can  unite, 
cannot,  however,  be  taken  as  a  safe  criterion  or  measure  of  the 
atomicity  of  that  element  in  cases  where  that  number  is  greater 
than  I ;  for  example,  in  such  a  compound  as  calcium  oxide,  CaO, 
we  regard  the  two  affinities  of  the  divalent  atom  of  oxygen  as  being 
satisfied  by  two  affinities  possessed  by  the  calcium,  and  express  this 
belief  in  the  formula  Ca  »>  O,  and  regard  the  calcium  as  divalent. 
In  the  same  way,  in  carbon  monoxide,  CO,  the  carbon  being  united 
with  one  atom  of  the  divalent  element  oxygen,  is  itself  divalent  in 
this  compound ;  but  in  the  case  of  carbon  dioxide,  where  the  carbon 
atom  is  united  with  two  atoms  of  divalent  oxygen,  we  are  not 
justified  in  asserting  that  the  atoms  are  united,  as  represented  by 
the  formula  O  a  C  =  O,  in  which  the  four  affinities  of  carbon 
are  represented  as  saturated  with  oxygen.  There  exists  no  posi- 
tive proof  that  the  carbon  is  not  divalent  in  this  compound,  and 
that  the  molecule  does  not  consist  of  three  divalent  atoms  united, 

C 
as  shown  in  the  formula  /\.     From  the  fact,  however,  that 

O O 

carbon  forms  a  compound  with  four  atoms  of  hydrogen,  and 
another  with  four  atoms  of  chlorine,  we  know  that  this  element 
is  tetravalent,  and  therefore  we  believe  that  in  carbon  dioxide  it  is 
also  tetravalent 

Again,  as  iheasured  by  its  compound  with  hydrogen,  sulphur  is 
divalent;  while  with  chlorine  it  forms  SCI4.  But  sulphur  unites 
with  oxygen,  forming  the  two  compounds,  sulphur  dioxide  SO,  and 
sulphur  trioxide  SOs.  If  it  be  assumed  that  in  these  molecules  the 
whole  of  the  oxygen  affinities  are  satisfied  with  sulphur,  then  the 
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symbolic  representation  of  these  oxides  will  be  0  =  8  =  0,  and 

O  =  S  =  O,  the  sulphur  being  in  one  case  tetravalent,  and  in  the 

11 
O 

other  hexavalent.    There  is,  however,  no  positive  proof  that  the 

affinities  of  one  oxygen  atom  are  not  partially  satisfied  by  union 

with  another  oxygen  atom,  and  that  the  valency  of  the  sulphur  is 

higher  than  either  two  or  four,  as  seen  in  the  alternative  formulas, 

S  Ov  s 

SO,  /\;S0,  ;S  =  0;   or       /    \ 

O — O  0/  O— O— O 

Although  there  are  no  known  compounds  in  which  an  atom  of 
sulphur  is  united  with  six  monovalent  elements,  sulphur  is  regarded 
by  many  chemists  as  capable  of  fulfilling  the  functions  of  a  hexa- 
valent element. 

It  will  be  evident  from  these  considerations,  that  in  many 
cases  the  valency  of  an  element  is  a  variable  quantity,  de- 
pending partly  upon  the  particular  atoms  with  which  it  unites. 
It  is  also  found  that  it  is  de]>endent  in  many  instances  upon  tem- 
perature and  upon  pressure.  Thus,  between  a  certain  limited  range 
of  temperature,  one  atom  of  phosphorus  combines  with  five  atoms 
of  chlorine  in  the  compound  PCI5,  but  above  that  limit  two  atoms 
of  chlorine  leave  the  molecule,  and  the  phosphorus  becomes  trivalent 
Again,  if  phosphoretted  hydrogen,  PHj,  be  mixed  with  hydro- 
chloric acid,  HCl,  and  the  mixed  gases  be  subjected  to  increased 
pressure,  the  gases  combine  and  form  a  solid  crystalline  compound 
known  as  phosphonium  chloride,  PH4CI,  in  which  the  phosphonis 
atom,  being  united  with  five  monovalent  atoms,  is  pentavaleot 
When  the  pressure  is  released,  an  atom  of  hydrogen  and  an  atom 
of  chlorine  leave  the  molecule,  and  the  phosphorus  returns  to  its 
trivalent  condition. 

A  compound,  in  whose  molecules  there  is  an  atom  which  for  the 
time  being  is  not  functioning  in  its  highest  recognised  valency, 
often  exhibits  a  readiness  to  unite  with  additional  atoms  to  fonn 
new  compounds  :  thus,  ammonia  combines  eagerl^r  with  hydro- 
chloric acid,  forming  ammonium  chloride — 

NH,  -J-  HCl  =  NH4CL 

Carbon  monoxide  unites  directly  with  chlorine  to  form  carbonyl 

chloride —  ^^      ^,        ___. 

CO  -I-  CI,  =  COCl,. 


Valency 


63 


Carbon  monoxide  also  combines  with  an  additional  atom  of 
oxygen,  and  gives  carbon  dioxide,  thus— 

2C0  +  Oa  =  SCOa. 

In  this  last  action  it  will  be  seen  that  the  molecule  of  carbon 
monoxide,  in  being  converted  into  the  dioxide,  takes  up  one  atom 
of  oxygen  ;  but  as  the  molecule  of  oxygen  is  the  smallest  isolated 
partide,  it  follQws  that  the  two  atoms  contained  in  such  a  molecule 
must  first  separate,  and  each  one  then  furnishes  the  requisite 
additional  oxygen  for  one  molecule  of  carbon  monoxide.  In  the 
union  of  carbon  monoxide  with  chlorine,  and  of  ammonia  with 
hydrochloric  acid,  are  we  to  suppose  that  the  same  action  takes 
place?  That  is  to  say,  do  the  two  atoms  in  the  molecule  of 
chlorine  separate  from  each  other  and  unite  with  carbon,  thereby 
satisfying  its  tetrad  valency,  in  the  manner  here  expressed  ? — 


CI  — 


CK 

—  CI  +  CO  =     ;c 

cix 


o. 


And  in  the  case  of  anmionia  and  hydrochloric  acid,  do  the 

hydrogen   and  chlorine  atoms  part,  and   each  unite  with  the 

nitrogen  atom,  thereby  raising  it  from  the  trivalent  to  the  penta- 

valent  condition  ?  thus — 

CI      H 

\/ 
:— Cl  +  H  — N  — H  =  H  — N  — H. 

I  r 

H  H 


H  — 


Or  are  we  to  suppose  that  the  two  molecules,  without  losing  their 
integrity,  become  held  together  as  independent  molecules,  by 
virtue  of  the  unsatisfied  affinities  of  the  carbon,  or  the  nitrogen, 
as  the  case  may  be,  in  which  case  the  compounds  might  be  repre- 
sented thus — 


CI 


C=0 


H  — CI 
H  — N  — H 


H 


This  question  would  be  settled  by  determining  the  vapour 
density  of  the  compound.  If,  for  instance,  we  were  to  find  the 
vapour-density  of  ammonium  chloride  to  be  26.75,  then  ^^  com- 
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pound  having  the  composition  NH4CI  would  have  the  nonnal 
molecular  volume,  that  is,  its  molecule  would  occupy  two  unit 
volumes,^  and  the  conclusion  would  be  that  the  vapour  consisted 
of  single  molecules  of  the  composition  represented  by  the  formula 
NH4CL  But  anunonium  chloride  at  ordinary  temperatures  is  a 
solid,  and  when  heated  to  the  temperature  necessary  to  convert  it 
into  vapour  its  molecules  break  up  into  separated  molecules  of  the 
two  original  gases — ^ammonia,  NH3,  and  hydrochloric  acid,  HCLt 
So  that  we  are  unable  to  gain  any  information  in*  this  direction 
as  to  the  mode  in  which  the  atoms  are  disposed  in  the  compound 
When  the  two  gases  are  brought  together  under  ordinary  condi- 
tions, they  combine  with  the  evolution  of  considerable  heat,  ounng 
to  loss  of  energy ;  this  is  taken  as  evidence  that  true  chemical 
action,  in  the  sense  of  atomic  rearrangement,  has  resulted,  hence  it 
is  believed  that  in  this  compound  the  nitrogen  is  united  with  the 
five  monovalent  atoms,  and  consequently  is  pentavalenL 

In  the  case  of  carbonyl  chloride,  COCl^  the  vapour-density  can 
be  ascertained,  this  compound  existing  in  the  gaseous  condition 
at  the  ordinary  temperature.  Its  vapour-density,  determined  by 
experiment,  is  found  to  be  5a6.  This  number,  divided  into  the 
molecular  weight  of  the  compound  having  the  composition 
COCl^  gives  practically  the  number  2  as  the  molecular  volume 
of  the  compound.  Hence  we  conclude  that  these  four  atoms 
constitute  a  single  molecule. 

There  is  a  certain  class  of  combinations,  in  which  molecules 
of  different  compounds  unite,  that  do  not  so  readily  admit  of 
explanation,  because  in  neither  of  the  molecules  is  there  any 
atom  functioning  in  a  lower  state  of  valency  than  that  whidi 
it  is  known  to  be  capable  of.  For  example,  the  monovalent 
elements,  fluorine  and  hydrogen,  form  the  compound  hydrofSuoiic 
acid,  HF  ;  fluorine  also  combines  with  the  monovalent  element 
potassium,  forming  potassium  fluoride,  KF.  Both  of  these  com- 
pounds come  under  the  head  of  saturated  compounds,  in  the  sense 
that  neither  of  them  contains  an  atom  which  is  known  to  be 
capable  of  exercising  a  higher  valency  than  it  exhibits  in  these 
compounds.  Nevertheless  these  two  molecules  unite  together  and 
form  a  definite  chemical  compound,  known  as  hydrogen-potassimD 
fluoride. 

Again,  the  divalent  element  zinc  combines  with  two  atoms  of 

*  See  p.  42.  t  See  Dissociation,  p.  86. 
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the  monad  element  chlorine,  forming  zinc  chloride,  ZnG^ ;  the 
two  monovalent  elements,  sodium  and  chlorine,  also  combine, 
giving  the  compound  sodium  chloride,  NaCl.  Both  of  these 
substances  must  be  regarded  as  saturated  compounds,  and  yet 
they  unite  vrith  each  other,  forming  a  distinct  chemical  compound, 
known  as  sodium  rinc  chloride.  Such  compounds  as  these  are 
known  as  double  saits^  and  examples  might  be  multiplied  almost 
indefinitely.  A  similar  union  of  molecules,  where  the  recognised 
valency  of  the  atoms  is  all  satisfied,  is  seen  in  a  large  number 
of  compounds  containing  water  for  crystallisation  ;  *  for  example, 
the  divalent  element  copper,  in  combination  with  two  atoms  of 
chlorine,  forms  cupric  chloride,  CUCI2.  The  divalent  element 
oxygen,  in  combination  with  two  hydrogen  atoms,  forms  water, 
H^O.  When  cupric  chloride  crystallises  from  aqueous  solution, 
each  molecule  of  the  chloride  unites  to  itself  two  molecules  of 
water,  which  is  therefore  termed  water  of  crystallisation. 

In  chemical  notation,  it  is  usual  to  represent  compounds  of  this 
order,  by  placing  the  formulae  of  the  different  molecules  that  have 
entered  into  union,  in  juxtaposition,  with  a  comma  between ; 
accordingly,  the  examples  here  quoted  would  be  indicated  thus — 

Hydrogen  potassium  fluoride  HF,KF. 

Sodium  rinc  chloride     ....    ZnCl^NaCl. 
Crystallised  cupric  chloride  .        .  CuC1^2H20. 

Combinations  of  this  order  are  by  no  means  confined  to  the 
union  of  two  kinds  of  molecules,  as  the  following  examples  will 
serve  to  show  : — 

Platinum  sodium  chloride     .  PtCl4,2NaCl,6H,0. 

Mercuric  potassium  chloride  2HgCl2)KCl,2H|0. 

At  the  present  time  our  knowledge  of  the  nature  of  the  union 
between  these  various  molecules  is  too  imperfect  to  admit  of  any 
precise  explanation  ;  such  compounds  are  frequently  distinguished 
as  molecular  combinations. 

It  must  be  remembered  that  our  ideas  of  valency  are  based  mainly  upon  the 
consideration  of  matter  in  the  gaseous  state ;  at  present  we  have  little  certain 
knowledge  as  to  the  valency  of  elements  in  liquid  and  solid  compounds.  Most 
of  the  compounds  belonging  to  the  class  we  are  now  discussing  are  solid,  and 

♦  Seep.  i9fl. 
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it  is  quite  conceivable  that  the  valency  of  an  element  might  increase,  as  the 
compounds  in  which  it  functions  pass  from  the  gaseous  to  the  liquid  and  solid 
state. 

There  is  also  another  consideration  that  must  not  be  overlooked.  The 
unit  of  measure  that  has  been  adopted  for  estimating  valency,  namely,  x  mono- 
valent atom,  is  probably  only  an  extremely  rough  and  crude  measure,  which 
is  incapable  of  appreciating  smaller  dififerences  of  combining  capacity  that 
may,  and  most  probably  do,  exist.  Its  use  may  be  compared  to  the  adoption 
of  a  single  unit,  say  i  gramme,  for  the  estimation  of  mass,  or  weight ;  when, 
if  a  given  quantity  of  matter  has  a  weight  equal  to  i  gramme  but  less  than 
a  grammes,  its  weight  would  be  x ;  if  greater  than  a  grammes  but  less 
than  3,  then  its  weight  would  be  a — a  method  of  estimating  which  tacitly 
assumes  that  no  intermediate  weights  of  matter  between  the  various  multiple 
of  the  selected  unit  are  possible.  There  is  no  evidence  to  show  that  the  com- 
bining capacity  of  an  element  is  exactly  expressed  by  simple  multiples  of  a 
monovalent  atom. 

For  example,  in  the  simplest  form  of  combination,  such  as  that  between 
hydrogen  and  chlorine — where  the  molecule  contains  x  atom  of  each  etement 
— I  hydrogen  atom  unites  with  i  chlorine  atom,  that  is  to  say,  with  a  mass  of 
chlorine  weighing  35.5  times  its  own  weight;  and  we  say  that  the  mutual 
affinities  of  these  atoms  are  satisfied.  But  for  anything  we  know  to  the  con- 
trary, an  atom  of  hydrogen  may  have  an  affinity  for  chlorine  which  would 
enable  it  to  unite  wiUi  a  mass  of  chlorine  weighing  40  or  45  or  50  times  its  own 
weight,  but  not  a  mass  weighing  71  (35.5  x  a)  times  its  own.  But  since  a  mass 
of  chlorine  35.5  times  the  weight  of  a  hydrogen  atom  is  the  smallest  quantity 
that  is  ever  known  to  take  part  in  a  chemical  change,  is  the  chemically  indivisible 
mass  we  call  an  atom,  it  follows  that  as  the  hydrogen  atom  has  not  suffideot 
combining  capacity  to  unite  with  a  atoms,  it  is  compelled  to  be  satisfied  with 
I.  It  might  still,  however,  retain  a  residual  combining  capacity.  Or  the 
residual  combining  capacity  may  be  lodged  in  the  chlorine  atom,  which  may 
be  conceived  a^s  being  able  to  unite  with  a  greater  weight  of  hydrogen  than  is 
represented  by  i  atom,  but  not  so  much  as  that  of  a  atoms. 

Each  of  the  elements  fluorine,  chlorine,  bromine,  and  iodine  unites  witb 
I  atom  of  hydrogen,  and  we  represent  their  compounds  in  a  similar  manner, 
thus: — 

H-F;        H-Q;        H-Br;        H-I; 

but  we  make  an  enormous  assumption  if  we  suppose  that  in  each  of  these 
compounds  die  mutual  affinities  of  the  atoms  is  equally  satisfied. 

For  example,  the  fluorine  compound  exhibits  a  tendency  to  unite  itaelf  to 
other  compounds  of  fluorine  (and  to  a  much  more  marked  degree  than  is  seen 
in  the  case  of  hydrochloric  add),  resulting  in  the  formation  of  such  dooUe 
fluorides  as  the  following  :— 

Hydrogen  potassium  fluoride        ....     KF,HF. 

Hydrogen  bismuth  fluoride BiFa.SHF. 

Hydrogen  silicon  fluoride  (Hydro-fluo-silicic  acid)    SiF4,2HP. 

And  there  is  reason  for  believing  that  the  molecules  of  hydrofluoric  add 
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are  capable  of  uniting  amongst  themselves,  fonning  the  double  molecule 

HF.HF.* 

Assimiing  the  residual  combining  power  to  reside  in  the  fluorine  atom,  and 

representing  this  by  means  of  dotted  lines,  we  may  express  the  composition  of 

these  compounds  thus^ 

p...p  —  H 

I 
H  -  F-F  -  H.        H  -  F    F  -  Bi  -  F-F  -  H ; 

-F.  ,F. 


H  -  F :.       "^Si^        .  F  "  H. 


*  See  Hydrofluoric  acid. 


CHAPTER  IX 
GENERAL  PROPERTIES  OP  GASES 

Under  the  head  of  the  general  properties  of  gases  it  will  be  con- 
venient to  consider  the  following  subjects  :  * — 

1.  The  relation  of  gases  to  heat 

2.  The  relation  of  gases  to  pressure. 

3.  The  liquefaction  of  gases. 

4.  Diffusion  of  gases. 

5.  The  kinetic  theory  of  gases. 

The  Relation  of  Gases  to  Heat.— The  fact  that  substances 
expand  when  heated,  and  again  contract  upon  being  cooled,  was 
observed  in  very  early  times.  The  fact  also  that  all  substances  do 
not  undergo  the  same  alterations  in  volume  when  subjected  to  the 
same  changes  of  temperature  has  been  long  known  ;  but  it  was  not 
until  the  beginning  of  the  nineteenth  century  that  it  was  proved  by 
Charles  and  Cay-Lussac  that  all  gases  expanded  and  contraaed 
equally  when  exposed  to  the  same  alterations  of  temperature. 
This  law  is  generally  known  as  the  Law  of  Chades,  and  may  he 
thus  stated  :  lV/f£n  a  gas  is  heated^  the  pressure  being  consicuU^  it 
increases  in  volume  to  the  same  extent  whatever  the  gets  may  6e. 

The  increase  in  bulk  suffered  by  i  volume  of  a  gas  in  hesng 
heated  from  o"*  to  i"  is  termed  the  coefficient  of  expansion,  and  if 
the  law  of  Charles  is  true  all  gases  will  have  the  same  coefficient 

Modem  research  has  shown  that  the  law  of  Charles  is  not  adsth 
lutely  true,  and  the  extent  to  which  gases  deviate  from  the  strict 
expression  will  be  seen  from  the  coefficients  of  expansion  given  in 
the  following  table  : — 

*  The  study  of  these  subjects  belongs  more  especially  to  the  science  of 

phjrsics  or  cbemico-physics.    For  fuller  information  on  these  points  than  am 

be  included  within  the  scope  of  this  book  students  are  referred  to  special 

treatuies  on  physics. 
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Air 003665"! 

Hydrogen 003667 1 

Carbon  monoxide 003667 1 

Nitrogen 003668/ 

Nitrous  oxide 003676 

Carbon  dioxide 003688 

Cyanogen 003829 

Sulphur  dioxide 003845 

It  will  be  noticed  that  the  first  four  gases  have  almost  the  same 
coefficient  of  expansion  :  these  gases  are*all  very  difficult  of  lique- 
fiMitioo,  and  it  n^  be  seen  that  the  coefficient  rapidly  rises  in  the 
case  of  the  other  gases,  which  are  easily  liquefied. 

For  purposes  of  ordinary  calculation  it  is  usual  to  adopt  the 
coefficient  of  expansion  of  air,  as  applicable  to  all  gases.  It  will 
be  obvious  that  nnce  the  volume  of  a  gas  is  affected  by  alterations 
of  temperature,  it  becomes  necessary,  when  measuring  the  volume 
of  a  gas,  to  have  r^^ard  to  the  particular  temperature  at  which  the 
neasorement  is  made,  and  in  order  to  compare  volumetric  measures 
they  must  be  all  referred  to  some  standard  temperature.  This 
standard  temperature  b  by  general  consent  o**  C. 

Taking  the  fraction  .003665  therefore  for  the  coefficient — 

I  volume  of  a  gas  at  o**  becomes  i  +  .003665  volumes  at  1° 

I  „  „         ©•        „        I  +  .003665  X  2    „         2° 

or     I  „  „         o'        „        I  +  .003665 1        ,,        f 

Tberefore  the  volume  at  /"  equals  the  volume  at  o"  multiplied  by 
I  +  .005665 1    Let  z/  be  the  volume  at  /*,  and  v.  the  volume  at  0°, 

then— 

v  =  v,(i  +.003665/) 

and  conversely  the  volume  at  o"  equals  the  volume  at  /^  divided  by 

I  +  .003665  /— 

__  V 

•      I  +  .003665 / 

The  vulgar  fraction  equivalent  to  .003665  is  7^.  273  volumes 
at  0*  become  273  +  /  at  /". 

What  is  known  as  the  absolute  temperatun  of  a  substance  is  the 
number  of  degrees  above  -  273'  C.  Taking  this  point  as  the  zero, 
the  absolute  temperature  of  melting  ice^  ioT  example,  will  be  27 3''. 
Charies*  law,  iiherdbre,  may  he  thus  stated ;  TAe  volume  of  any 
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gas^  under  constant  pressure^  is  firoportional  to  the  absolute  tem- 
perature. 

The  Relation  of  Gases  to  Pressiire.~The  effect  of  increase 

of  pressure  upon  a  gas  is  to  diminish  its  volume.  The  law  which 
connects  the  volume  occupied  by  a  gas,  with  the  pressure  to  which  it 
is  subjected  was  discovered  by  Robert  Boyle  (1661),  and  is  known 
as  Boyle's  Law.  It  may  be  thus  stated  :  The  volume  occupied  by 
a  given  weight  of  any  gas  is  inversely  as  the  pressure.  The 
general  truth  of  this  law  may  readily  be  illustrated  by  subjecting  a 
gas  to  varying  pressures,  and  it  will  be  seen  that  when  the  pressure 
is  doubled  the  volume  of  gas  is  reduced  to  one-half,  and  so  on. 

Just  as  in  the  case  of  the  law  of  Charles,  modem  investigations 
have  shown  that  the  law  of  Boyle  is  not  a  mathematical  truth.  It 
is  found  not  to  be  absolutely  true  of  any  gas,  for  with  the  exception 
of  hydrogen,  all  gases  are  more  compressible  than  is  demanded  by. 
the  law.  Hydrogen  deviates  from  the  law  in  an  opposite  sense,  in 
that  it  requires  a  higher  pressure  than  the  law  would  indicate,  in 
order  to  reduce  a  volume  of  it  to  a  given  point  These  deviations 
from  Boyle's  law  are  explained  by  the  operation  of  two  causes  : 
first,  the  attraction  exerted  by  gaseous  particles  upon  each  other ; 
second,  the  fact  that  increased  pressure  diminishes  the  space 
between  the  molecules,  and  not  the  actual  space  occupied  by  the 
molecules  of  a  gas.  When  the  former  cause  predominates,  the 
gas  deviates  from  the  law  by  being  more  compressible  ;  in  the  case 
of  hydrogen,  the  second  cause  operates  more  powerfully.  (See 
Kinetic  Theory  of  Gases.)  For  ordinary  purposes  of  calculatioD 
the  law  of  Boyle  may  be  regarded  as  true. 

As  the  volume  of  a  given  weight  of  gas  is  so  intimately  related 
to  the  pressure,  and  as  the  atmospheric  pressure  is  variable,  it 
becomes  necessary,  in  all  quantitative  manipulation  with  gases,  to 
know  the  actual  pressure  under  which  the  gas  is  at  the  time  of 
measurement,  and  to  refer  the  volume  to  a  standard  pressure. 
The  pressure  that  has  been  adopted  as  t}ie  standard  is  Uiat  of  a 
column  of  mercury  760  mm.  in  height.     (See  Atmosphere.) 

\i  V  equals  the  volume  of  gas  measured  at  p  pressure,  and  Vf 
the  volume  at  the  standard  pressure,  then 


V  ^y^- 
760 


In  practice  it  is  most  usual  to  make  bo\\v  coTt^ctlon  for  ixsapt- 


\ 
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pressure  together ;  then  v,  being  the  volume  at  the 
aperature  and  pressure,  we  get 


I +.003665  <    760 

Bl^stfon  of  Gases. — Under  certain  conditions  of  tem- 
l  pressure,  the  law  of  Charles  and  the  law  of  Boyle  both 
break  down.  According  to 
[Charles,  100  cc.  of  a  gas  at 

occupy  96.4  cc.  if  the  tem- 
re  lowered  to  — 10°.  If  100 
{[as  sulphur  dioxide  at  o*  C. 

in  a  glass  tube  standing  in 
d  the  gas  be  cooled  to  — 10° 
ing  the  tube  with  a  freeiing 
(ill  be  found  that  the  volume 
ead  of  occupying  96.4  cc., 
duced  to  a  few  cubic  centi- 
,  and  that  the  surface  of  the 
;he  tube  is  wet  owing  to  the 
1  minute  layer  of  a  colourless 

it.    In  this  case  the  law  of 

broken  down,  and  the  sul- 

has  passed  from  the  gaseous 

state. 

according  to  the  law  of 
.c.  of  a  gas  measured  at  the  ^'  ' 

assure  should  occupy  25  cc.  ''"'■  ^■ 

ied  to  a  pressure  of  four  additional  atmospheres.  If 
egas  sulphur  dioxide  be  enclosed  in  one  limb  of  along 
ihown  in  Fig.  I,  the  other  limb  being  filled  with  air, 

gases  be  simultaneously  exposed  to  increased  pressure 
he  mercury  reservoir,  it  will  be  seen  that  at  first  the 
>th  tubes  are  compressed  equally.  As  the  pressure 
three  atmospheres,  however,  the  mercury  will  be  seen 

!nt  should  familiarise  himBelf  with  [he  melhod  of  calculating  the 
ume  suffered  l>y  gases,  hy  changes  of  temperature  and  preisure. 
It  B  number  of  eiamplei  such  as  the  following  : — 
-es  of  gas  are  cooled  (rom  35°  to  0°.  what  is  the  diminution  in 

of  air  al  0°  <legi«s  weighs  i.^M^gramines  when  tlie  baiometst 


L 
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to  rise  much  more  rapidly  in  the  tube  containing  the  sulphur 
dioxide,  and  when  the  mercury  reservoir  has  been  raised  to  such  a 
height  that  the  gases  are  subjected  to  four  atmospheres,  the  sulphur 
dioxide  will  have  completely  broken  down,  and  will  be  entirely  cor- 
verted  into  a  few  drops  of  liquid,  which  appear  upon  the  surface  tf 
the  mercury.  The  air  meantime,  in  the  oUier  limb,  will  be  found  10 
occupy  25  cc,  as  that  gas  at  that  pressure  obeys  Boyle's  law  almost 
absolutely.  We  see,  therefore,  that  at  a  certain  temperature  and  at 
a  certain  pressure  the  gas  sulphur  dioxide  begins  rapidly  to  depart 
from  the  laws  of  Charles  and  Boyle,  and  ultimately  passes  into  the 
liquid  condition. 

All  known  gases,  with  the  one  exception  of  hydrogen,  when 
exposed  to  certain  conditions  of  temperature  and  pressure,  condi- 
tions which  are  special  for  each  different  gas,  will  pass  from  the 
gaseous  to  the  liquid  state  :  and  as  the  point  at  which  liquefactioc 
takes  place  is  approached,  the  departures  from  Boyle's  law  become 
more  and  more  pronounced. 

The  first  substance,  recognised  as  being  under  ordinary  condi- 
tions a  true  gas,  that  was  transformed  into  the  liquid  condition, 
was  chlorine,  which  was  liquefied  in  the  year  1806  by  Northmore. 

The  true  nature  of  this  liquid  was 
not  understood  until  Faraday  inves- 
tigated the  subject 

In  his  earlier  experiments,  Fara- 
day's method  consisted  in  sealing 
into  a  bent  glass  tube  (Fig.  2)  sub- 
stances which,  when  heated,  would 
yield  the  gas ;  the  substances  being 
contained  in  one  limb  of  the  tube, 
and  the  empty  limb  being  immersed 
in  ice.  The  pressure  exerted  by  the  gas  thus  generated  in  a  con- 
fined space,  was  sufficient  to  cause  a  portion  of  it  to  condense  to 


Fig.  a. 


is  at  760  mm. ,  what  will  be  the  weight  of  a  litre  of  air  at  27*,  the 
standing  at  the  same  height?    Ans,  1.177  grammes. 

3.  What  will  be  the  weight  of  a  litre  of  air  at  42°  when  the  barometer  stands 
at  735  mm.  ?    Ans.  1.084  grammes. 

4.  Air  at  a  temperature  of  15°  is  enclosed  in  a  vessel  and  heated  to  93". 
Compare  the  pressure  of  the  enclosed  air  with  that  of  the  atmosphere.  Ams. 
As  6x  :  48. 

5.  What  will  be  the  volume,  at  the  standard  temperature  and  pressure,  of 
500  c.c  of  hydrogen,  measured  at  20",  and  under  a  pressure  of  800  mm.? 
Ans.  .490  cc. 


Liipir/,n!io/r  of  disr-:  -  i 

■a;ure  and  pressure  logetlier  ;   ihen  v,   being   llie  volume  at   ihe 
aandard  temperature  and  pressure,  we  get 

». V. ^* 

I +.003665'     760 

Tlu  Uqnefiwtlon  of  GaseB.— Under  certain  conditions  of  tem- 
perature and  pressure,  the  law  of  Charles  and  the  law  of  B^le  both 
ompletely  break  down.  According  to 
the  law  of  Charles,  100  cc  of  a  gas  at 
0*0.  should  occupy  0.4  cc  if  the  tem- 
paaiiiie  were  lowered  to  — 10*.  If  100 
cc  of  the  gas  sulphur  dioxide  at  o*  C. 
be  confined  in  a  glass  ttibe  standing  in 
metcnty,  and  the  gas  be  cooled  to  - 10° 
by  sonounding  the  tube  with  a  freezing 
BHZture,  it  will  be  found  that  the  volume 
of  gas,  instead  of  occupying  96.4  cc, 
bas  becD  leduced  to  a  few  cubic  centi- 
metres only,  and  that  the  surface  of  the 
Dcrcury  in  the  tube  is  wet  owing  to  the 
pressure  of  a  minute  layer  of  a  colourless 
liqaid  upon  it.  In  this  case  the  law  of 
Charles  has  broken  down,  and  the  sul- 
phur dioxide  has  passed  from  the  gaseous 
10  the  liquid  stale. 

Similarly,  according  to  the  law  of 
Boyle,  100  cc  of  a  gas  measured  at  the 
standard  pressure  should  occupy  25  cc  ^^^'-  '■ 

when  exposed  to  a  pressure  of  four  additional  atmospheres.  If 
loocc  of  the  gas  sulphur  dioxide  be  enclosed  in  one  limb  of  a  long 
U-tabe,  as  shown  in  Fig.  i,  the  other  limb  being  filled  with  air, 
and  the  two  gases  be  simultaneously  exposed  to  increased  pressure 
bf  raising  the  mercury  reservoir,  it  will  be  seen  that  at  lirst  the 
gases  in  both  tubes  are  compressed  equally.  As  the  pressure 
approaches  three  atmospheres,  however,  the  mercury  will  be  seen 

*  Tbe  student  should  fomiliaiise  himself  with  the  method  of  calculating  Ibe 
dianges  ol  volume  luRered  by  ga^es.  by  changes  of  temperature  and  pressure. 
Iiy  working  out  a.  number  of  examples  such  as  (be  following  t — 

1.  If  30  litres  of  gas  ait  cooled  from  3^  too*,  what  is  the  diminution  in 
volume,  tbe  jressure  being  constanl  ?    Ans.a^i  litres. 

1.  If  a  litre  of  air  at  0°  degna  mrighs  (.  ^fjEgnunmes  when  the  bniometer 
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gfas  to  be  Itquefied  is  mtroduced  into  a  glass  tube  (Fig.  3X 
narrow  end  of  which  consists  of  a  strong  capillary  tube.  The  tt 
carries  a  metal  collar,  which  enables  it  to  be  secured  in  pont 
in  the  strong  steel  bottle  (Fig.  a),  by  means  of  a  nut,  E'  (Fig. 
which  screws  into  the  mouth.  The  bottle,  which. is  partially  fil 
with  mercury,  is  connected,  by  means  of  a  flexible  copper  tube 
fine  bore,  with  a  small  hydraulic  pump,  by  means  of  which  wa 
is  forced  into  the  steel  bottle.    The  water  so  driven  in,  forces  1 


1 


rio.3. 


Fio.  4- 


mercury  up  into  the  glass  tube  T,  and  thereby  compresses 
contained  gas.  In  this  way  a  pressure  of  several  hundred  atm 
pheres  may  be  applied  to  the  gas.  In  his  earlier  experimei 
Cailletet  depended  almost  entirely  for  the  refrigeration  he  requii 
upon  the  fact,  that  when  a  gas  is  allowed  suddenly  to  expand 
undergoes  a  great  reduction  in  temperature.  This  method 
cooling  may  be  termed  internal  refrigeration.  In  the  cue 
oxygen,  the  gas  was  first  subjected  to  a  pressure  of  300  to  1 
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atmospberes,  and  was  then  alloned  suddenly  to  expand  by  a  rapid 
release  of  the  pressure.  The  result  of  the  sudden  expansion  was 
to  momentarily  lower  the  temperature  of  the  gas  to  such  a  point 
that  the  tube  was  filled  with  a  fog,  or  mist,  consisting  of  liquid 
particles  of  oxygen. 

In  his  more  recent  experiments  Cailleiet  employed  external  re- 
fiigeiation,  and  obtained  oxy- 
gen in  the  fbnn  of  a  coherent 
liquid.  Fig.  6  shows  the  essen- 
tial parts  ofthe  apparatus.  The 
capillary  end  O  of  the  glass 
tube  containing  the  gas,  is  bent 
as  shown  in  the  figure,  so  that 
the  end  of  it  can  dip  into  the 
short  glass  tube  F.  The  re- 
frigeration is  obtained  by  the 
evaporation  of  liquid  ethylene, 
the  supply  of  which  is  contained 
in  the  iron  bottle  K  This  bottle 
is  connected  to  a  fine  copper 
worm,  A  A',  contained  in  an 
inverted  narrow  glass  bell,  and 
wbich,aAer  passing  out  through 
a  cork  at  the  base,  is  bent  so  as 
to  deliver  the  liquid  ethylene 
into  the  tube  F.  A  second 
copper  worn),  B  6'  is  also  con- 
tained in  the  bell ;  this  is  con- 
nected at  B  with  a  supply  of 
hydrogen,  while  its  lower  extre- 
mity is  connected  to  a  glass 
tube,  which  also  drops  into  F. 
The  copper  worms  are  cooled 
either  by  means  of  methyl  chlo- 
ride, or  better,  by  a  solution  of 
solid  carbon  dioxide  in  ether, 
whereby  the  temperature  of  -70°  is  readily  obtained.  Liquid 
ethylene  is  then  allowed  to  flow  from  the  iron  bottle  through  the 
cooled  worm  into  the  tube  F,  which,  in  order  to  prevent  the  con- 
densation of  hoar  frost  upon  it,  is  enclosed  in  a  glass  jar,  G,  provided 
with  a  tight  fitting  cover,  and  containing  a  layer  of  sulpViMtxt  aci4 
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upon  the  bottom.  A  stream  of  dty  hydrogen  is  then  pused 
through  the  worm  B  B',  and  this  current  of  cold  gas  bubUing 
through  the  liquid  ethylene  in  the  tube  F  increases  the  rapidity 
of  its  evaporation  to  such  an  extent,  that  the  temperature  &Ib  U 
about  - 1 10°.  At  this  temperature  a  precsure  of  about  fifly  atmcM- 
pheres  is  sufficient  to  liquefy  the  oxygen,  which  collects  io  the  omI 
of  the  tube  dipping  into  F  as  a  colourless,  transparent  liquid. 

By  means  of  the  refrigeration  brought  about  by  the  rapid 
evaporation  of  liquid  ethylene,  oxygen  may  be  liquefied  in  large 
quantities,  and  if  collected  in  a  glass  vessel  with  double  wall^ 
the  space  between  the  walls  being  rendcRd 
perfectly  vacuous,  it  may  be  preserved  tx 
a  considerable  time,  as  it  is  found  that  dw 
vacuous  envelope  is  the  most  perfect  in- 
sulator. 

Liquid  oxygen  itself  may  be  employed  is 
a  still  more  powerful  refiigcrator :  and  b; 
causing  it  to  rapidly  evaporate  the  tempera- 
ture may  be  lowered  to  -  200',  when  air  itself 
liquefies  without  the  application  of  any  pres- 
sure. For  this  purpose  a  quantity  of  liquid 
oxygen  is  poured  into  the  glass  tube  0 
(F'ig.  7),  which  is  provided  mth  a  vacuous 
envelope,  V.  Into  this  tube  a  cork  is  fitted, 
through  which  passes  an  empty  test-tube,  N, 
and  a  short  tube,  P,  which  can  be  put  in  coo- 
nection  with  an  exhaust  pump.  The  liquid 
oxygen  soon  enters  into  rapid  ebuUilioii, 
and  the  temperature  thereby  becomes  lowered 
to  -Mo°,  when  drops  of  liquid  air  b^in  to 
form  upon  the  walls  of  the  loner  empty  tube, 
a  considerable  quantity  of  the  liquid  may  be 
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and  in  a  few 
collected. 

By  means  of  these  various  methods  all  the  difficultly  c 
gases  have  been  liquefied  except  hydrogen.  It  was  at  one  tiiw 
supposed  that  liquid  hydrogen  had  been  obtained,  hat  fiutiUr 
experiments  have  proved  this  not  to  have  been  the  case,  and  19 
to  the  present  time  this  gas  has  resisted  all  attempts  to  liquefy  IL 
There  is  reason  to  believe  that  its  liquefaction  is  an  impossibOhy. 

The  Critieal  Point— As  far  back  as  the  year  186%  it  m 
shown  by  Andrews  that  when  liquid  carbon  dioxide  was  hcMed 
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nrticular  temperature,  it  passed  from  the  liquid  to  the  gaseous 
and  that  no  additional  pressure  was  able  to  condense  it  again 
ig  as  the  temperature  remained  at  or  above  that  point.  This 
niar  temperature  is  called  the  critical  pointy  or  the  critical 
rmimn  of  the  gas.  In  the  case  of  carbon  dioxide  this  critical 
aature  is  31.9%  and  in  order  that  this  gas  may  be  liquefied  by 
ore,  it  is  an  essential  condition  that  the  temperature  be  below 
jMiint ;  above  32*  no  pressure  is  capable  of  bringing  about 
actioin.  All  gases  have  a  critical  temperature,  which  is  special 
ch  gas,  and  until  the  temperature  of  the  gas  be  lowered  to 
point,  lique^Eurtion  is  impossible.  The  critical  temperatures 
I  different  gases  vary  through  a  very  wide  range,  as  will  be 
from  the  following  examples : — 


Nitrogen 

« 

- 146.0' 

Carbon  monoxide 

-i4ao' 

Oxygen 

-1 13.0' 

Marsh  gas    . 

-  99.0' 

Ethylene 

.     +   lai" 

Carbon  dioxide    . 

31.9' 

Nitrous  oxide 

35.4' 

Acetylene 

37.0' 

Hydrochloric  acid 

52.3- 

Ammonia 

i3ao° 

Chlorine 

141.0° 

Sulphur  dioxide   . 

I55.4' 

e  gases  in  this  list,  from  ethylene  downwards,  all  have  their 
al  temperatures  so  high,  that  there  is  no  difficulty  in  cooling 
below  these  points.  These  are  the  gases  which  were  first 
xd  to  the  liquid  state.  The  first  four  upon  the  list  have 
low  critical  temperatures ;  these  are  the  very  gases  which  for 
ng  resisted  all  attempts  to  liquefy  them,  and  which  were  on 
account  called  permanent  gases.  We  now  know  that  the 
«  to  obtain  them  in  the  liquid  state,  was  owing  to  the  fact 
the  relation  between  the  critical  temperature  and  the  point 
[iieCeurtion  was  not  fully  realised.  Just  as  carbon  dioxide 
ot  be  liquefied  unless  its  temperature  be  brought  down  to 
,  so  oxygen  resists  liquefaction  under  the  highest  possible 
nres,  until  its  temperature  be  lowered  to  -II3^  the  critical 
crature  of  oxygen« 
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The  critical  temperature  of  a  gas  is  sometimes  spoken  of  as  the 
absolute  boiling  point, 

Critieal  Pressure. — The  particular  pressure  that  is  required 
to  liquefy  a  gas  at  its  critical  temperature,  is  called  the  critiad 
pressure.  Thus  the  pressure  necessary  to  liquefy  oxygen,  when 
the  temperature  has  been  lowered  to  -  113**,  is  50  atmospheres; 
while  that  required  to  condense  chlorine  at  its  critical  point,  m, 
+  141'',  is  84  atmospheres.  Taken  at  their  respective  critical  points, 
therefore,  chlorine  is  a  more  difficultly  liquefiable  gas  than  oxygen, 
although  at  o**  chlorine  is  condensed  by  a  pressure  of  only  6 
atmospheres  ;  o*,  however,  is  141®  below  the  critical  point  of 
chlorine,  and  it  is  more  than  probable  that  if  it  were  possible 
to  cool  oxygen  to  a  temperature  141*  below  its  critical  point, 
that  is,  to  -  254**,  it,  in  like  manner,  would  be  capable  of  liquefitc- 
tion  by  very  slight  pressure. 

Diffusion  of  Gases.— If  a  jar  filled  with  hydrogen  be  placed 
mouth  to  mouth  with  a  jar  of  air,  the  hydrogen  being  uppennost, 
it  will  be  found  that  after  the  lapse  of  a  few  minutes  some  of  the 
hydrogen  will  have  passed  into  the  bottom  jar  containing  air,  and 
some  of  the  air  will  have  made  its  way  up  into  the  hydrogen  jar. 
The  light  gas  hydrogen  does  not,  as  might  have  been  supposed, 
remain  floating  upon  the  air,  which  is  14.44  times  as  heavy,  bat 
gradually  escapes  into  the  lower  jar  ;  and  the  heavier  gas  finds  its 
way,  in  opposition  to  gravitation,  into  the  upper  jar.  This  process 
goes  on  until  there  is  a  uniform  mixture  of  air  and  hydrogen  in  both 
jars,  and  the  gases  never  separate  again  according  to  their  densities. 

This  transmigration  of  gases  will  take  place  even  through  tabes 
of  considerable  length  :  thus,  if  two  soda-water  bottles  be  filled  one 
with  hydrogen,  and  the  other  with  oxygen,  and  the  two  bottles  be 
connected  by  a  piece  of  glass  tube  a  metre  in  length,  the  system 
being  held  in  a  vertical  position  with  the  light  hydrogen  uppe^ 
most,  it  will  be  found  after  an  hour  or  two  that  the  two  gases 
have  become  mixed.  Some  of  the  hydrogen  will  have  descoided 
through  the  long  tube  into  the  lower  bottle,  and  in  like  manner 
a  portion  of  the  oxygen,  although  nearly  sixteen  times  as  hevry 
as  hydrogen,  will  have  travelled  up  into  the  top  bottle.  That  ^ 
gases  have  so  mixed  may  be  readily  shown  by  applying  a  lighted 
taper  to  the  mouth  of  each  bottle,  the  detonation  which  then  takei 
place  proving  that  the  bottles  contained  a  mixture  of  oxygen  tad 
hydrogen.  This  passage  of  one  gas  into  another  is  called  tke 
diffusion  0/  gases.     It  was  observed  by  Graham  that  whoi  the 
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ises  were  sqMurated  from  each  other  by  a  thin  porous 
such,  for  instance^  as  a  piece  of  unglazed  porcelain  (so- 
'  biscuit  "X  or  plaster  of  Paris,  the  pressure  of  the  gas  on 
»  sides  of  the  porous  partition  did  not  remain  the  same 
lie  process  of  diffusion :  that  is  to  say,  one  gas  made  its 
Mis^  the  partition  fiister  than  the  other,  and  it  was  noticed 
lighter  the  gas,  the  more  rapidly  was  it  able  to  transpire 
e  through  the  porous  medimn.  This  fact,  viz.,  that  a  light 
jses  more  rapidly  than  a  heavier  one,  may  be  observed 
<ety  of  ways.'"'    Tlie  apparatus  seen  in  Fig.  8  is  a  modified 


Fig.  8. 


Fig.  9. 


Graham's  diffusiometer.  It  consists  of  a  long  glass  tube 
enlargement  or  bulb  near  to  one  end.  Into  the  short  neck 
Nilb  there  is  fastened  a  thin  diaphragm  of  stucco,  or  other 
naterial.  If  the  apparatus  be  filled  with  hydrogen,  by  dis- 
nt,  the  short  neck  being  closed  by  a  cork,  and  the  long 
immersed  in  water,  it  will  be  seen,  upon  the  withdrawal 
ork,  that  the  water  rapidly  rises  in  the  long  tube.  The 
n  difilising  out  through  the  diaphragm  so  much  more 
than  air  can  make  its  way  in,  a  diminution  in  pressure 

[periments  't^os.33s-344>  Newtb's  "Cbemicdl  Lecture  Experiments.** 
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within  the  apparatus  results,  and  this  causes  the  water  to  ascend 
in  the  tube.  The  same  phenomenon  may  be  seen  even  more 
strikingly  by  means  of  the  apparatus,  Fig.  9,  which  consists  of  a 
tall  glass  U-tube,  upon  the  end  of  one  limb  of  which  there  is 
fastened,  by  means  of  a  cork,  a  porous  cylindrical  pot,  such  as 
is  used  in  an  ordinary  Bunsen  battery.  The  U-tube  is  half 
filled  with  coloured  water.  Under  ordinary  circumstances  air  is 
continually  diflfustng  through  the  porous  pot,  but  as  it  passes  at 
an  equal  rate  in  both  directions,  there  is  no  disturbance  of  the 
pressure,  and  consequently  the  coloured  water  remains  levd  in 
the  two  limbs.  If  now  a  beaker  containing  hydrogen  be  brought 
over  the  apparatus,  as  seen  in  the  figure,  the  hydrogen  will  stream 
through  the  porous  pot  so  much  more  rapidly  than  the  air  in  the 
pot  can  make  its  way  out,  that  there  will  be  an  increase  in  the 
total  amount  of  gas  inside  the  apparatus,  which  will  be  instantly 
rendered  evident  by  the  change  of  level  of  the  liquid  in  the  U-tobe, 
the  water  being  forcibly  driven  down  the  tube  which  carries  the 
porous  pot.  Upon  removing  the  beaker  the  reverse  operation 
will  at  once  take  place ;  the  hydrogen  inside  the  apparatus  now 
rapidly  diffuses  out,  and  much  more  quickly  than  air  can  pass  in, 
consequently  a  reduction  of  pressure  within  the  apparatus  results^ 
which  is  indicated  by  a  disturbance  of  the  level  of  the  water  in  the 
tube,  in  the  opposite  direction  to  that  which  occurred  at  first 

The  Law  of  Gaseous  Diffusion.— Graham  established  the  law 
according  to  which  the  diffusion  of  gases  is  regulated,  and  it  may 
be  thus  stated  :  The  relative  velocities  of  diffusion  of  €my  two 
gases  are  inversely  as  the  square  roots  of  their  densities. 

The  density  of  hydrogen  being  i,  that  of  air  is  14.44,  the  velocity 
of  the  diffusion  of  hydrogen  therefore,  as  compared  with  that  of 
air,  will  be  in  the  ratio  of  ^14.44  to  ^i.  n/i4.44  =  3.8,  Vi  -  i. 
Therefore  hydrogen  diffuses  3.8  times  faster  than  air ;  or  3.8  volumes 
of  hydrogen  will  pass  out  through  a  porous  septum,  while  only  1 
volume  of  air  can  enter. 

If  ^  »  the  density  of  a  gas,  air  being  imity,  and  v  =  the  volume 
of  the  gas  which  diffuses  in  the  same  time  as  i  volume  of  air,  then 
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The  following  table  gives  in  the  last  column,  the  results  obtuned 
by  Graham,  which  will  be  seen  to  accord  very  closely  with  the  cal- 
culated numbers  demanded  by  the  law  of  diffusion  : — 
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Name  of  Gas. 

Density  of  Gas 
compared  with 

V] 

Volume  of  Gas 
which  Diffused  in 
the  same  Time  as 

one  Volume  of 
Air. 

HydrogeD.                 • 
Marsh  gas 
Carbon  moDOxide 
Nitrogen  .... 
Ozysien     .... 
Sulphuretted  hydrogen 
Carbon  dioxide . 
Sulphur  dioxide 

0.06926 

0559 
0.9678 

0.9713 
1.1056 

I.1912 

1.5290 
2.247 

3-7794 

1-3375 
1.0x65 

1.0147 

0.9510 

0.9x62 

a  8087 

0.6671 

383 

1.344 
I.0149 

1.0143 

0.9487 
0.9s 
0.8x2 
0.68 

The  property  of  difTusion  is  sometimes  made  use  of  in  order  to 
separate  gases,  having  different  densities,  from  gaseous  mixtures. 
This  process  of  separation  by  diffusion  is  known  as  ctimolysis. 
The  principle  may  readily  be  illustrated  by  causing  a  mixture  of 
oxygen  and  hydrogen,  in  proportion  to  form  an  explosive  mixture, 
to  slowly  traverse  tubes  made  of  porous  material,  such  as  ordinary 
tobacco  pipes.  Two  such  pipes  may  be  arranged  as  shown  in 
Fig.  10,  and  the  gaseous  mixture  passed  through  in  the  direction 
indicated  by  the  arrow. 
On  collecting  the  issuing 
gas  over  water  in  a  pneu- 
matic trough,  it  will  be 
found  to  have  so  far  lost 
the  hydrogen,  by  diffu- 
sion through  the  tube, 
that  a  glowing  splint  of 
wood  when  introduced 
into  ity  will  be  re- 
ignited. 

From  the  rate  of  dif- 
fusion of  ozone,  in  a  mix-  /^  ^"^=^0  <— e<« 
ture  of  ozone  and  oxygen, 
Soret  was  able  to  calcu- 
late the  density  of  this 

allotropic  form  of  oxy-  p^^  ^^ 

gen,  and  so  confirm  the 
result  he  had  previously  obtained  by  other  methods  (see  Ozone). 

Attempts  have  been  made  to  utilise  this  principle  in  order  to 
obtain  oxygen  from  the  air.     The  relative  densities  of  oxygen  and 

T 
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nitrogen  are  as  i6  to  14 ;  the  rate  of  diffusion,  therefore,  of  nitrogen 
is  slightly  greater  than  that  of  oxygen. 

Effusion  is  the  term  applied  by  Graham  to  the  passage  of  gases 
through  a  fine  opening  in  a  very  thin  wall,  and  he  found  that  it 
followed  the  same  law  as  diffusion.  Bunsen  utilised  this  principle 
for  determining  the  density,  and  therefore  the  molecular  weights, 
of  certain  gases.  The  method,  in  essence,  is  as  follows:— A 
straight  glass  eudiometer  is  so  constructed,  that  a  gas  contained 
in  it  can  be  put  into  conmiunication  with  the  outer  air  through  a 
minute  pin-hole  in  a  thin  platinum  plate.  The  gas  is  confined  in 
the  tube,  which  is  placed  in  a  cylindrical  mercury  trough,  by 
means  of  a  stop-cock  at  the  top.  When  the  tube  is  depr^sed 
in  the  mercury,  and  the  cock  opened,  the  gas  escapes  through 
the  minute  perforation  in  the  platinum  plate,  and  its  rate  of  efiii- 
sion  is  determined  by  the  time  occupied  by  a  glass  floaty  placed 
in  the  tube,  in  rising  a  graduated  distance  within  the  eudiometer. 

The  flow  of  gases  through  capillary  tubes  is  called  transpiration 
of  gases.  In  this  case  the  friction  between  the  gas  and  the  tubes 
becomes  a  factor  in  the  movement,  so  that  this  phenomenon  is 
not  governed  by  the  same  law  as  gaseous  diffusion. 

The  Kinetic  Theory  of  Gases.— The  term  kinetic  signifies 
motion,  and  as  applied  to  thb  theory  it  expresses  the  modem 
views  of  physicists  concerning  matter  in  the  gaseous  state,  and 
serves  to  harmonise  and  explain  the  physical  laws  relating  to 
the  properties  of  gases.  Matter  in  the  state  of  gas  or  vapoor, 
is  regarded  as  an  aggregation  of  molecules  in  which  the  attractive 
forces  which  tend  to  hold  them  together,  are  reduced  to  a  minimum, 
and  in  which  the  spaces  that  separate  them  are  at  a  nuudmum. 
These  molecules  are  in  a  state  of  rapid  motion,  each  one  moving 
in  a  straight  line  until  it  strikes  some  other  molecule,  or  rebounds 
from  the  walls  of  the  containing  vessel,  when  it  continues  its  move- 
ment in  another  direction  until  it  is  once  more  diverted  by  anocber 
encounter.  As  they  constantly  encounter  and  rebound  frota  each 
other,  it  will  be  evident  that  at  any  given  instant  some  will  be 
moving  with  a  greater  speed  than  others  ;  the  majority,  however, 
will  have  an  average  velocity.  In  these  encounters  no  loss  of 
energy  results  so  long  as  the  temperature  remains  constant^  but 
any  change  of  temperature  results  in  a  change  in  the  velocity  of 
movement  of  the  molecules,  the  speed  being  increased  wiA 
increased  heat  The  actual  volume  of  the  molecules  is  very  snttD 
as  compared  with  the  space  occupied  by  the  mass ;  the 


The  Kinetic  Theoty  83 

between  the  molecules,  therefore,  in  which  they  pass  to  and  fro^ 
is  relatively  very  great  As  the  molecules  are  constantly  colliding 
and  rebounding,  the  distances  between  them,  as  well  as  their  speed, 
will  be  sometimes  greater  and  sometimes  less ;  but  there  will  be 
an  average  distance,  which  is  known  as  the  nuan  free  path  of  the 
molecule. 

The  pressure  exerted  by  a  gas,  or  its  elastic  force,  is  the  combined 
effect  of  the  bombardment  of  its  molecules  against  the  containing 
vessel ;  in  other  words,  the  pressure  of  a  gas  is  proportional  to  the 
sum  of  the  products  obtained  by  multiplying  the  mass  of  each 
molecule  by  half  the  square  of  its  velocity.  It  will  be  obvious 
that  if  the  space  within  which  a  given  mass  of  gas  is  confined  be 
reduced,  the  number  of  impacts  of  the  molecules  against  the  walls 
of  the  containing  vessel,  in  a  given  time,  will  be  increased,  and 
therefore  the  pressure  it  exerts,  or  its  elastic  force,  will  also  be 
increased  If  the  space  be  reduced  to  one-half  the  original,  the 
number  of  these  impacts  will  be  doubled,  or  in  other  words,  the 
number  of  impacts  in  a  given  time  is  inversely  as  the  volume. 
This  statement  is  simply  the  law  of  Boyle  stated  in  the  language 
of  the  kinetic  theory. 

When  a  given  mass  of  gas  contained  in  a  confined  space  is 
heated,  the  pressure  it  exerts,  or  its  elastic  force,  is  increased.  But 
as  the  number  of  molecules  present  has  not  been  increased  by 
raising  the  temperature  of  the  gas  (provided  no  chemical  decom- 
position of  the  gas  is  brought  about  by  the  change  of  temperature), 
the  increased  pressure  can  only  have  resulted  from  the  greater 
frequency,  and  greater  energy,  of  the  impacts  of  the  molecules 
against  the  walls  of  the  vessel,  owing  to  their  greater  velocity. 

Two  equal  volumes  of  different  gases  under  the  same  conditions 
of  temperature  and  pressure,  exert  the  same  elastic  force  upon  the 
containing  vessels,  that  is  to  say,  the  kinetic  energy  in  each  volume 
is  the  same.  According  to  Avogadro's  hypothesis,  equal  volumes  of 
all  gases  under  the  same  conditions  of  temperature  and  pressure, 
contain  an  equal  number  of  molecules,  however  much  the  weight 
of  these  molecules  may  vary ;  therefore  the  average  kinetic  energy 
of  each  individual  molecule  will  be  the  same.  It  follows  from  this 
that  the  mean  velocities  of  different  molecules  must  vary,  and  the 
calculated  numbers  representing  the  actual  velocities  of  movement 
of  the  molecules  of  different  gases,  show  that  these  rates  are  pro- 
portional to  the  inverse  square  roots  of  their  respective  densities. 
But  according  to  the  law  of  gaseous  diffusion  (Graham's  law),  the 
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relative  rapidity  of  diffusion  of  gases  is  inversely  proportional  to 
the  square  roots  of  their  densities,  hence  by  purely  mathematical 
processes,  based  upon  the  kinetic  theory  of  gases,  the  law  of 
gaseous  diffusion  is  proved  to  be  true. 

The  deviations  from  the  laws  of  Boyle  and  Charles^  already 
referred  to,^  are  also  explained  by  the  dynamical  theory  of  gases, 
from  considerations  of  the  following  order : — 

1.  That  the  molecules  themselves  are  not  mathematical  points, 
but  occupy  a  space ;  in  other  words,  the  space  occupied  by  the 
actual  particles  of  matter  is  not  infinitely  small  as  compared  with 
the  entire  volume  of  the  gas,  <>.,  the  bulk  of  the  particle  plus  the 
intermolecular  spaces. 

2.  That  the  impact  of  the  molecules  against  each  other  and 
against  the  containing  envelope  occupies  time ;  or,  in  other  words, 
the  time  occupied  by  the  impacts  is  not  infinitely  small  compared 
with  the  time  elapsing  between  the  impacts. 

3.  That  the  molecules  themselves  are  not  entirely  without  attrac- 
tion for  each  other ;  that  is  to  say,  although  the  attractive  force 
between  the  molecules  which  holds  them  together  in  the  liquid 
and  solid  states  of  matter,  is  at  a  minimum  in  the  case  of  gases, 
it  is  not  entirely  absent 

*  See  page  7a 


CHAPTER  X 

DISSOCIATION 

Dissociation  is  the  teim  employed  to  denote  a  special  class  of 
chemical  decompositions.  When  potassium  chlorate  is  heated  it 
breaks  up  into  potassium  chloride  and  oxygen,  thus — 

2KC108  -  2KC1  +  30j, 

and  when  calcium  carbonate  (chalk)  is  heated  it  breaks  up  into 
calcium  oxide  (lime)  and  carbon  dioxide — 

CaC03=  CaO+COj. 

In  the  first  case  the  oxygen  is  incapable  of  reuniting  with  the 
potassium  chloride,  but  in  the  second,  the  carbon  dioxide  can 
recombine  with  the  lime  and  reproduce  calcium  carbonate ;  there- 
fore both  the  following  expressions  are  possible — 

CaCOs  =  CaO  +  COj, 
and 

CaO  +  CO2  =  CaCO,. 

Reactions  of  this  order  are  known  as  reversible  reactions,  and  the 
breaking  up  of  calcium  carbonate  by  the  action  of  heat  is  termed 
dissociation,  while  that  of  the  potassium  chlorate  under  similar 
circumstances  is  simple  decomposition. 

When  anmionia  is  passed  through  a  tube  heated  to  a  dull  red 
heat,  the  gas  is  decomposed  into  nitrogen  and  hydrogen — 

SNHs  =  Nj  +  3H„ 

and  the  two  gases  pass  out  of  the  heated  tube  as  separated  gases, 
and  do  not  recombine  again.* 

But  when  steam  is  strongly  heated  it  is  dissociated  into  oxygen 

*  Nitrogen  and  hydrogen  can  be  caused  to  unite  under  suitable  conditions. 
See  Ammonia. 

85 


86  Introductory  Outlines 

and  hydrogen,  and  as  these  separated  gases  pass  away  from  the 
heated  region  they  reunite,  forming  molecules  of  water  vapoim 
Such  a  reversible  reaction  may  be  thus  expressed — 

2H,0  -Z  2H,  +  O,. 

Again,  when  the  gases  ammonia  and  hydrochloric  add  are  brought 
together  at  the  ordinary  temperature,  they  unite  to  form  solid 
ammonium  chloride,  and  when  anmionium  chloride  is  heated  it 
dissociates  into  its  two  generators,^  hence  we  have  the  expression— 

NH,  +  HCl  "Z  NH4CL 

The  corresponding  compound  containing  phosphorus  in  the  place 
of  nitrogen,  dissociates  at  a  temperature  as  low  as  —  20^  hence 
when  phosphoretted  hydrogen  and  hydrochloric  add  are  mixed 
at  ordinary  temperatures  no  combination  takes  place,  the  separate 
molecules  are  in  the  same  relation  to  one  another  as  those  of 
ammonia  and  hydrochloric  acid  at  a  high  temperature.  When, 
however,  the  mixture  of  gases  is  cooled  below  -20^  union  takes 
place  and  crystals  of  phosphonium  chloride  are  formed,  which  at 
once  begin  to  dissociate  into  the  original  gases  as  the  temperature 
again  rises.  The  change,  as  before,  may  be  represented  as  a 
reversible  one — 

PH3  +  HCl  Z  PH4CI. 

In  such  cases  of  dissociation  as  that  of  caldum  carbonate,  where 
one  of  the  products  is  gaseous  and  the  other  solid,  no  difficulty 
exists  in  separating  the  simpler  compounds  that  result  from  the 
decomposition  ;  but  where  the  products  are  entirely  gaseous,  special 
methods  have  to  be  adopted  to  withdraw  the  one  from  the  other, 
while  they  still  exist  as  separate  molecules,  and  before  they  reunite 
again. .  One  such  method,  which  is  well  adapted  for  the  quali- 
tative illustration  of  dissociation,  is  based  on  the  law  of  gaseous 
diffusion.  If  when  ammonium  chloride  is  heated  it  is  dissociated 
into  ammonia,  NHg,  and  hydrochloric  acid,  HCl,  these  two  gases, 
having  the  relative  densities  of  8.5  and  18.25,  will  diffuse  througli 
a  porous  medium  at  very  different  rates.  According  to  the  law  of 
diffusion,  these  rates  will  be  inversely  as  the  square  roots  of  the 
densities  of  the  gases ;  if  therefore  the  conditions  are  so  anangcd 

*  Baker  has  shown  (May  1894)  that  when  absolutely  dry,  these  gases  do  niK 
combine ;  and  also,  that  when  aqueous  vapour  is  tntirely  absent, 
chloride  does  not  undergo  this  dissociation. 
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that  the  heating  of  the  ammonium  chloride  takes  place  in  the 
neighbourhood  of  a  porous  diaphragm,  more  of  the  light  anunonia 
gas  will  difluse  through  in  a  given  time,  than  of  the  heavier  hydro- 
chloric add,  so  that  a  partial  separation  of  these  gases  will  be 
effected.  Fig.  11  shows  a  convenient  arrangement  for  carrying  out 
the  experiment  A  fragment  of  anunonium  chloride  is  heated  in  a 
short  glass  tube,  through  which  passes  the  stem  of  an  ordinary  clay 
tobacco  pipe.  As  the  dissociation  takes  place,  both  of  the  gaseous 
products  begin  to  difiuse  into  the  interior  of  the  porous  clay  pipe, 
but  owing  to  their  greater  rate  of  diffusion,  a  larger  number  of  am- 
monia molecules  will  pass  in,  than  of  hydrochloric  add,  in  the  same 
time ;  consequently,  when  the  gases  pass  away  from  the  heated 
region  and  once  more  recombine,  there  will  be  a  siirplus  of  am- 
monia molecules  within  the  porous  pipe,  and  for  the  same  reason 
an  excess  of  hydrochloric  acid  molecules  outside.  If  the  gaseous 
contents  of  the  porous  tube  be  driven  out  by  means  of  a  stream  of 


Fig.  II. 


air  from  an  ordinary  bellows,  the  presence  of  the  free  ammonia  may 
be  recognised  by  allowing  the  air  to  impinge  upon  a  piece  of  paper, 
coloured  yellow  with  turmeric,  which  is  instantly  turned  brown  by 
ammonia.  The  excess  of  hydrochloric  acid  within  the  glass  tube 
may  also  be  proved,  by  placing  a  piece  of  blue  litmus  paper  in  the 
tube  before  heating  the  compound,  and  it  will  be  reddened  by  the 
free  hydrochloric  add. 

In  all  cases  of  dissodation,  we  may  imagine  two  opposing  forces 
in  operation,  one  being  the  external  force  supplying  the  energy 
which  tends  to  bring  about  the  disruption  of  die  molecules,  and 
the  other  being  the  force  of  the  chemical  affinity  existing  between 
the  disunited  portions  of  the  molecule,  which  tends  to  bring  about 
their  reunion.  When  these  forces  are  equally  balanced,  the  same 
number  of  molecules  are  dissociated  as  are  recombined  in  a  given 
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unit  of  time,  and  the  system  is  said  to  be  in  a  state  of  equilibriimL 
Ifby  any  means  the  balance  between  the  two  opposing  forces  b 
disturbed,  by  augmenting  or  lessening  either  one  or  the  other  of 
them,  the  equilibrium  of  the  system  will  also  be  disturbed  and  a 
new  condition  of  equilibrium  will  be  set  up,  in  which  again  an  eqoal 
number  of  molecules  undergo  dissociation  and  combination  in  a 
given  time,  but  in  which  the  ratio  of  the  number  of  united  and  dis- 
united molecules  is  different  from  that  which  obtained  under  the 
former  condition  of  equilibrium.  The  relation  between  these  two 
forces  may  be  most  readily  disturbed,  by  either  a  change  of  tempe- 
rature or  pressure.  Thus,  in  the  case  of  nitrogen  peroxide,  N^O^ 
when  this  gas  is  at  a  temperature  of  26.7%  20  per  cent,  of  it  is 
dissociated  into  molecules  having  the  composition  NOg ;  and  so 
long  as  this  temperature  is  maintained  this  ratio  of  the  weight  of 
the  dissociated  molecules  to  the  total  weight  of  the  system  (known 
as  the  fraction  of  iUssociation)  still  subsists. 

When  the  temperature  of  the  gas  is  raised  to  60.2*,  the  state  of 
equilibrium  existing  at  the  lower  temperature  is  disturbed,  and  the 
system  gradually  assumes  a  new  condition  of  equilibrium,  where 
once  more  the  actual  number  of  molecules  undergoing  dissociation 
and  recombination  in  a  given  unit  of  time  is  the  same,  but  where 
the  percentage  of  dissociated  molecules  in  the  gaseous  mixture  is 
now  52.04. 

It  might  at  first  be  supposed  that  when  such  a  gas  is  heated,  and 
a  temperature  is  reached  at  which  the  molecules  are  dissociated, 
that  they  would  a// dissociate,  and  that  the  process  once  begun  would 
rapidly  proceed  until  the  decomposition  was  complete  ;  instead  of 
which,  we  find  a  definite  fraction  of  dissociation  corresponding  to  a 
particular  temperature.  This  may  be  explained  on  the  basis  of  the 
kinetic  molecular  theory.  Let  us  imagine  the  gas  nitrogen  pe^ 
oxide  to  be  at  a  temperature  below  that  at  which  dissociation 
begins,  when  all  the  molecules  will  have  the  composition  N^O^ 
The  molecules  of  the  gas  are  in  a  state  of  rapid  movement,  and  the 
rapidity  of  their  movement  is  increased  by  rise  of  temperature. 
But  the  molecules  in  a  given  volume  of  the  gas  do  not  all  move 
at  the  same  velocity,  and  therefore  they  have  not  all  the  same 
temperature.  On  account  of  the  infinite  complications  in  their 
movements  caused  by  their  impacts  against  one  another,  some  will 
be  moving  at  a  speed  considerably  greater  than  that  of  the  average^ 
and  will  have  a  temperature  proportionally  higher,  while  otheis 
again  will  have  a  velocity  and  a  temperature  below  the  average. 
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The  observed  temperature  of  the  gas,  therefore,  is  not  that  of  the 
molecules  having  the  highest  or  the  lowest  velocity  and  tempera- 
ture, but  is  the  average  or  mean  temperature  between,  possibly,  a 
very  wide  range. 

On  the  application  of  heat  to  the  gas,  the  observed  or  mean 
temperature  rises,  but  the  velocity  of  some  of  the  molecules,  and 
consequently  their  temperature,  may  have  been  thereby  raised  to 
the  point  at  which  dissociation  takes  place,  and  they  consequently 
separate  into  the  simpler  molecules.  Let  us  suppose  that  the 
observed  temperature  of  the  nitrogen  peroxide  is  26.7**,  and  that  it 
is  maintained  at  this  point  Although  this  temperature  may  be 
below  the  (Association  temperature  of  the  molecules,  it  must  be 
remembered  that  it  only  represents  the  mean  temperature,  and  that 
while  some  of  the  molecules  have  a  lower,  some  also  have  a  higher 
temperature.  As  already  mentioned,  at  the  temperature  of  26.7% 
20  per  cent  of  the  molecules  are  dissociated ;  that  is  to  say,  at 
any  given  instant  one-fifth  of  the  total  number  of  molecules  reach 
a  velocity  which  causes  them  to  break  down  into  the  simpler  NO^ 
molecules,  which  themselves  then  take  up  independent  movements. 
I^  in  the  process  of  their  movements,  two  of  these  disunited  mole- 
cules come  into  contact  with  each  other  at  a  moment  when  their 
velocities  are  lower  than  that  at  which  they  dissociated,  they  at 
once  reunite,  so  that  at  the  same  instant  some  are  uniting  and 
others  are  dissociating,  and,  the  two  processes  going  on  equally. 
the  percentage  of  disunited  molecules  at  any  moment  is  the  same, 
although  the  actual  molecules  which  are  dissociated  at  one  point 
of  time  may  not  be  the  identical  ones  that  are  in  this  state  at 
another  time.  Let  us  now  suppose  the  gas  to  be  heated  until  the 
registered  {i.e.<,  the  mean)  temperature  reaches  60.2*,  and  that  it  be 
maintained  at  this  point  At  this  higher  temperature  a  much 
larger  proportion  of  the  molecules  will  acquire  a  velocity  at  which 
they  are  unable  to  hold  together,  namely,  52.04  per  cent ;  but  the 
remainder,  amounting  to  nearly  one-half,  still  are  at  a  temperature 
below  that  at  which  dissociation  takes  place.  Under  these  altered 
conditions  a  greater  number  of  disunions  and  reunions  takes  place 
during  a  given  interval  of  time,  but  the  numbers  are  equal,  and 
therefore  the  equilibrium  exists.  If  once  more  the  gas  be  further 
heated,  until  the  indicated  temperature  is  140°,  then  it  is  found 
that  the  whole  of  the  N^Of  molecules  have  dissociated  into  NO] 
molecules ;  that  is  to  say,  when  the  mean  temperature  has  reached 
140^,  then  even  those  molecules  that  are  moving  with  the  slowest 
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speed,  have  reached  the  temperature  of  dissociation.  It  will  be 
evident  that  the  rate  at  which  the  fraction  of  dissodation  in- 
creases, as  the  temperature  of  a  gas  is  gradually  raised,  will  be 
greatest  when  the  mean  temperature  approaches  the  real  dissocia- 
tion temperature  of  the  gas,  for  the  temperature  of  the  greater 
number  of  the  molecules  will  be  coincident  with,  or  very  closely 
approximating  to,  that  point. 

The  vapour  density  of  nitrogen  peroxide,  if  it  could  be  ascertained 
when  all  the  gaseous  molecules  had  the  composition  N^O^,  would 
be  46  ;  while  that  of  the  gas,  when  entirely  dissociated  into  N0| 
molecules,  is  23.  At  temperatures  between  these  extremes,  thegas^ 
consisting  of  mixtures  of  both  molecules,  will  have  a  density  lying 
between  these  figures,  thus  at  27.6**  and  6a  2*  the  density  is  58.3 
and  30.1  (see  Nitrogen  Peroxide,  and  also  Phosphorus  Penti* 
chloride). 

The  effect  of  increased  pressure  upon  a  gas  being  to  diminiab 
the  mean  free  path  of  the  molecules,  and  thereby  increase  the 
number  of  molecules  in  a  given  space,  the  number  of  impacts 
between  the  molecules  in  a  given  time  will  be  increased.  I( 
therefore,  while  the  nitrogen  peroxide  is  maintained  at  a  constant 
temperature,  say  62.2%  the  pressure  be  increased,  the  dissociated 
molecules,  having  shorter  distances  to  travel,  and  making  more 
frequent  impacts  in  a  given  time,  will  unite  more  quickly  than 
others  are  being  disunited,  and  a  fresh  condition  of  equilibrium 
will  be  established  for  any  particular  pressure. 

The  case  of  phosphonium  chloride  already  mentioned,  may  be 
referred  to  as  an  illustration.  This  compound  is  completely  dis- 
sociated into  molecules  of  phosphoretted  hydrogen,  PH^  and 
hydrochloric  acid,  below  a  temperature  of  o^  If,  while  at  this 
temperature,  it  be  subjected  to  pressure,  the  dissociated  molecules 
are  caused  to  unite,  and  at  a  pressure  of  thirteen  atmospheres  the 
union  is  complete,  the  whole  of  the  disunited  molecules  having 
combined  to  form  molecules  of  phosphonium  chloride,  PH^CL 


CHAPTER  XI 
ELECTROLYSIS 

If  a  strip  of  pure  zinc,  and  a  strip  of  platinum,  be  together  dipped 
into  a  vessel  containing  dilute  sulphuric  add,  neither  metal  is 
affected  by  the  acid,  so  long  as  the  metals  do  not  touch  each  other. 
If  the  ends  of  the  strips  outside  the  liquid  be  joined  by  means  of  a 
metal  wire,  the  zinc  gradually  dissolves  in  the  add,  and  bubbles 
of  hydrogen  are  disengaged  fram  the  liquid  in  contact  with  the 
surface  of  the  platinum  plate  (which  itself  is  otherwise  unaffected 
by  the  add),  and  at  the  same  time  an  electric  current  passes 
through  the  wire.  So  long  as  the  chemical  action  of  the  sulphuric 
add  upon  the  zinc  proceeds,  so  long  will  the  electric  current  con- 
tinue to  pass ;  in  other  words,  chemical  energy  will  be  transformed 
into  electrical  energy.  If  the  wire  be  severed,  the  electric  current 
can  no  longer  pass,  and  the  chemical  action  at  once  stops. 

Such  an  arrangement  constitutes  a  galvanic  or  voltaic  element, 
or  cell,  and  a  series  of  such  cells  forms  a  galvanic  battery.  The 
zinc  plate,  or  the  end  of  a  wire  that  may  be  connected  to  it,  is 
termed  the  negative  pole  of  the  battery,  while  the  end  of  a  wire 
attached  to  the  platinum  plate  is  the  positive  pole.  Other  arrange- 
ments can  be  employed  for  generating  a  galvanic  current,  but  in 
all  cases  the  electrical  energy  is  derived  from  chemical  action. 

If  the  two  poles  of  a  battery  are  connected  together  by  placing 
them  both  in  contact  with  various  different  substances,  it  is  seen 
that  in  some  cases  the  electric  current  passes,  and  in  others  not. 
For  instance,  if  the  poles  are  joined  by  placing  them  both  in  contact 
with  a  bar  of  sulphur,  no  current  passes,  whereas  when  connected 
by  a  rod  of  graphite  the  current  fredy  passes.  Substances  which 
behave  in  this  respect  like  the  sulphur,  are  said  to  be  non-con- 
ductors of  electricity,  while  those  that  allow  the  current  to  pass, 
are  distinguished  as  conductors.  Substances  capable  of  conducting 
electridty  are  of  two  kinds,  namely,  those  which  are  merely  heated, 
and  those  which  undergo  a  chemical  change,  in  consequence.    All 

9X 
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the  metals,  and  a  few  of  the  non-metals,  belong  to  the  first  of  these 
classes ;  while  the  second  includes  a  large  number  of  compoimd 
substances,  which  are  either  in  the  liquid  state,  or  in  solution  in 
some  solvent.  Thus,  if  the  poles  of  a  battery  are  inmiersed  in  pare 
water,  practically  no  current  passes,  because  this  liquid  is  a  non-con- 
ductor ;  but  if  a  quantity  of  hydrochloric  acid  (HCl)  be  dissolved  in 
the  water,  the  solution  at  once  becomes  sT^conductor,  and  it  is  seen 
that  gas  is  disengaged  from  the  liquid  upon  the  surface  of  eadi 
wire.  Upon  examination  it  is  found  that  the  gas  evolved  at  the 
negative  pole  is  hydrogen,  while  that  from  the  positive  pole  b 
chlorine :  the  hydrochloric  acid,  therefore,  is  separated  into  its 
elements  by  the  passage  of  an  electric  current  through  its  aqueous 
solution.  Such  a  process  of  decomposition  is  termed  electrolysis; 
and  the  conducting  liquid  is  known  as  an  electrolyte. 

The  poles  that  are  introduced  into  the  electrolyte  are  caDed 
electrodes^  the  negative  electrode  being  sometimes  termed  the 
cathode^  and  the  positive  electrode  the  anode 

In  a  great  number  of  instances,  the  electrolytic  decomposition  is 
accompanied  by  certain  secondary  reactions,  caused  by  the  action 
of  the  primary  products  of  the  decomposition  upon  either  the 
electrolyte  or  the  solvent ;  for  example,  when  a  solution  of  sodium 
chloride  (NaCl)  is  electrolysed,  the  primary  products  are  sodium  and 
chlorine,  the  latter  appearing  at  the  anode  and  the  sodium  making 
its  appearance  at  the  cathode.  The  metal  sodium,  however,  in 
contact  with  the  water  in  the  neighbourhood  of  the  cathode,  at 
once  exerts  chemical  action  upon  the  liquid,  with  the  liberation  of 
its  equivalent  of  hydrogen,  according  to  the  equation — 

Na  +  HjO  =  NaHO  -H  H. 

In  the  same  way,  when  an  aqueous  solution  of  copper  sulphate 
(CuSOJ  is  submitted  to  electrolysis,  the  primary  products  are 
copper,  Cu,  and  the  group  SO4.  The  copper  is  liberated  at  the 
cathode,  and  is  deposited  as  a  metallic  film  upon  the  electrode* 

*  This  is  the  essence  of  the  process  of  electro-plating.  The  metal  to  be  d^ 
posited,  whether  it  be  gold,  silver,  or  nickel,  &c. ,  in  the  form  of  a  suitable  ak 
(usually  a  double  cyanide)  in  aqueous  solution,  forms  the  electrolyte.  The  oli|eci 
to  be  plated  is  made  the  cathode,  that  is,  it  is  suspended  in  the  liquid  and  ii 
connected  to  the  negative  electrode  of  a  suitable  battery.  The  anode  oonsitfi 
of  a  strip  of  the  metal  to  be  deposited.  Thus  in  silver  plating,  a  strip  of  sihcr  il 
employed,  and  in  this  Mray  the  acidic  radical  that  is  liberated  at  the  anode 
dissolves  the  metal,  and  thereby  prevents  the  weakening  of  the  solution,  wtidi 
would  other>\ise  result  from  the  gradual  deposition  of  silver  upon  the  t-'^t** 
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The  group  consisting  of  SO4  passes  to  the  anode,  where  it  under- 
goes decomposition  in  the  presence  of  the  water,  whereby  ulti- 
mately oxygen  is  evolved  and  sulphuric  acid  produced — 

SO4  +  HjO  -  HjSO*  +  O. 

The  primary  products  of  electrolysis  are  termed  the  ions.  Those 
ions  that  appear  at  the  anode  (positive  electrode)  are  those  which 
are  negatively  electrified,  or  which  convey  negative  electricity; 
such  as  the  elements  fluorine,  chlorine,  bromine,  iodine,  and  a 
number  of  acidic  groups,  or  radicals,  such  as  the  SO4  group  already 
mentioned.  Inasmuch  as  the  negative  ions  appear  at  the  anode, 
they  are  sometimes  spoken  of  as  anions. 

Those  ions,  such  as  hydrogen  and  the  metals,  which  travel  to  the 
cathode  (negative  electrode)  are  those  that  are  positively  electri- 
fied, or  in  other  words,  which  convey  positive  electricity :  positive 
ions,  therefore,  are  distinguished  as  cathions, 

Faraday's  Law. — When  the  same  quantity  of  electricity  is 
passed  through  different  electrolytes,  the  ratio  between  the  quan- 
tities of  the  liberated  products  of  the  electrolysis,  is  the  same  as 
that  between  their  chemical  equivalents. 

Thus,  if  the  two  electrolytes,  hydrochloric  add  and  dilute  sul- 
phuric add,  be  introduced  into  the  same  electric  drcuit,  hydrogen 
and  chlorine  are  evolved  in  the  one  case,  and  hydrogen  and  oxygen 
in  the  other.  If  the  gases  be  all  collected  in  separate  measuring 
vessels,  it  will  be  seen  (i)  that  the  hydrogen  and  chlorine  evolved 
from  the  hydrochloric  acid  are  equal  in  volume;  (2)  that  the 
volume  of  hydrogen  collected  from  the  other  electrolyte  is  the  same, 
while  that  of  the  oxygen  is  equal  to  only  one-half  this  amount 
Knowing  the  relative  weights  of  equal  volumes  of  these  three  gases 
to  be  hydrogen,  oxygen,  chlorine,  as  i,  16,  35.5,  we  see  that  they 
must  have  been  liberated  in  the  proportions  by  weight  of— 

Hydrogen  —  i  Oxygen  =  8  Chlorine  =  35.5. 

Similarly,  if  the  same  quantity  of  electricity  be  passed  through 
aqueous  solutions  of  hydrochloric  acid  (HCl),  silver  nitrate  (AgNOg), 
copper  sulphate  (CUSO4),  and  gold  chloride  (AUCI3),  by  the  time 
that  I  gramme  of  hydrogen  has  been  liberated  from  the  hydro- 
chloric add,  there  will  be  deposited  upon  the  cathodes  of  the  other 
electrolytic  cells,  108  grammes  of  silver,  31.7  grammes  of  copper, 
and  65.6  grammes  of  gold.    These  numbers,  which  are  the  electro- 
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chemical  equivalents,  are  identical  with  the  chemical  equivalents  cf  i 
those  elements,  the  chemical  equivalent  of  an  element  being  iti 
atomic  weight  divided  by  its  valency. 

H.  O.  CL  Ag.  Go.  Ai. 

Atomic  weights .    .     i        i6        35.5        108        63.5        197 
Valency    ....12  i  i  2  3 

Regarding  the  quantity  of  electricity  required  to  liberate  I 
gramme  of  hydrogen  as  the  unit,  we  may  say  that  16  grammes  of 
oxygen  require  2  units  of  electricity  for  its  liberation,  108  gramma 
of  silver  i  unit,  63.5  grammes  of  copper  2  units,  and  197  grammes 
of  gold  3  units  ;  or,  in  other  words,  the  number  of  units  of  electridtj 
required  to  liberate  a  gramme-atom,  is  identical  with  the  numbs 
representing  the  valency  of  that  atom  in  the  particular  electrolyte 
employed. 

Some  metals,  such  as  copper,  mercury,  tin,  &&,  are  capable  d 
functioning  with  different  degrees  of  valency.  Thus  copper  is 
divalent  in  copper  sulphate  and  in  cupric  diloride,  bat  mooo' 
valent  in  cuprous  chloride.  If,  therefore,  i  unit  of  electricity  be 
passed  through  aqueous  solutions  of  each  of  these  copper  cfaloridesi 

in  the  case  of  cupric  chloride   -^  =  31.7  grammes  of  copper  wifl 


be  deposited,  while  in  the  cuprous  chloride  -^  >■  63.5 


are  formed. 

The  modem  theory  now  generally  held,  to  explain  the  pheno* 
mena  of  electrolysis,  is  known  as  the  theory  oieledroiyHc  diu§dt 
tion.  The  passage  of  electricity  through  conductors  of  the  tio 
classes  above  mentioned,  that  is,  through  conductors  such  as  metili) 
and  those  which  are  electrolytes,  may  be  compared  with  the  tio 
ways  by  which  heat  is  transmitted,  namely,  by  conduction  adi 
convection.  When  a  bar  of  metal  is  heated  at  one  end,  the  hoi 
travels  along  the  bar,  the  metal  remaining  stationary ;  but  whei 
water  is  contained  in  a  tube  which  is  heated  at  its  lower  end,  tbe 
heated  particles  of  water  travel  along  the  tube,  conveying^  the  betf 
to  the  other  extremity.  In  a  similar  manner,  when  electricity  pMM* 
through  a  metallic  conductor,  the  electricity  travels  througl^  ff 
along,  the  metal,  which  itself  does  not  move ;  but  when  it  is  puMi 
through  an  electrolyte,  it  is  conveyed,  or  transported^  throo^  Ik 
liquid  by  the  moving  ions.    One  set  of  ions  charged  with 
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electricity  travels  towards  the  anode,  while  another  set  conveying 
positive  electricity  moves  towards  the  cathode.  In  the  earlier  stages 
of  the  development  of  the  present  theory,  it  was  supposed  that  the 
elecrtrolyte  was  only  separated  into  its  ions  as  the  electric  current 
was  passed  into  it,  that  the  electricity  was  the  prime  cause  of  the 
dissociation  of  the  electrolyte,  hence  the  expression  electrolytic 
decompasitiany  still  conmionly  used.  If  this  were  in  truth  the 
case,  it  ought  to  be  made  manifest  by  the  fact,  that  the  electric 
current  would  have  to  do  work  in  effecting  such  decompositions ; 
but  exact  experiment  goes  to  show  that  electricity  is  conducted 
with  equal  freedom  by  electrolytes  as  by  metals.  The  theory 
proposed  by  Arrhenius  (1887)  is  that  a  certain  propoition  of  the 
molecules  of  the  electrolyte  are  in  a  dissociated  condition  at  all 
times.  When,  for  example,  sodium  chloride  is  dissolved  in  water, 
some  of  the  molecules,  owing  to  their  collisions,  become  separated 
into  the  ions,  sodium  and  chlorine,  much  in  the  same  way  as  a 
certain  proportion  of  the  molecules  of  a  gaseous  compound  may 
be  dissodated,  and  that  these  convey  the  electricity  as  soon  as 
the  electrodes  are  introduced  into  the  solution. 

From  a  number  of  other  considerations,  it  is  now  believed  that 
in  such  a  saline  solution  the  greater  proportion  of  the  compound 
is  in  the  dissociated  or  disunited  condition  ;  the  proportion  depend- 
ing largely  upon  the  state  of  dilution.  The  more  dilute  the  solution, 
and  the  more  complete  is  the  dissociation.  At  first  it  might  appear 
contrary  to  established  ideas,  that  in  the  case,  for  example,  of  such 
a  compound  as  sodium  chloride,  the  sodium  and  chlorine  in  the 
free  state  should  be  capable  of  existence  in  the  same  liquid;  a 
liquid,  moreover,  upon  which  one  of  the  elements,  namely  sodium, 
is  under  ordinary  circumstances  capable  of  exerting  a  chemical 
action.  According  to  the  electrolytic  dissociation  theory,  however, 
the  disunited  constituents  of  the  sodium  chloride  exist  as  separate 
atoms,  having  enonnous  electrical  charges,  the  sodium  with  positive 
and  the  chlorine  with  negative  electricity.  Whenever  the  chlorine 
atoms  lose  their  electrical  charge,  they  unite  together,  forming  the 
chlorine  molecule  Cl^,  which  then  possesses  the  properties  which 
are  usually  associated  with  this  element ;  and  in  the  same  way 
when  the  positively  electrified  sodium  atoms  give  up  their  charge 
they  likewise  unite,  forming  sodium  molecules,  which  are  endowed 
with  the  ordinary  properties  belonging  to  that  element.  When  the 
electrodes  of  a  galvanic  battery  are  placed  into  such  a  solution  of 
sodium  chloride,  the  negatively  charged  chlorine  atoms  travel  to 
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the  anode,  and  there  discharge  their  electricity,  and  in  consequence, 
the  chlorine  atoms  at  that  point  unite,  and  molecules  d  ordinaiy 
chlorine  escape  as  gas  from  the  liquid.  The  sodium  atoms  with 
their  positive  charge  travel  to  the  cathode,  where  in  like  manner 
they  are  discharged,  and  at  once  unite  to  form  sodium  molecokS) 
having  the  ordinary  properties  of  sodium,  and  consequently  at 
that  point  this  element  exerts  its  chemical  action  upon  the  water 
and  liberates  hydrogen. 

This  theory,  that  electrolytes  in  dilute  solution  are  dissodated 
into  their  ions,  is  in  harmony  with,  and  derives  support  fiom,  the 
laws  which  regulate  the  influence  of  substances  in  solution,  upon 
osmotic  pressure  (page  136),  upon  the  lowering  of  the  vapoar^re»- 
sure  (page  118),  and  upon  the  lowering  of  the  solidifying  point  of 
the  solvent  (page  121).  Dilute  solutions  of  electrolytes  (strong 
acids,  bases,  and  salts)  exhibit  deviations  from  these  laws,  mnd 
in  the  same  way  that  gases  which  undergo  dissociation,  depart  finon 
the  ordinary  gaseous  laws.  It  is  found  that  in  the  case  of  dHote 
solutions  of  electrolytes,  the  osmotic  pressure,  the  lowering  of  die 
vapour  pressure,  and  the  lowering  of  the  freezing-point  of  die 
solvent,  instead  of  being  proportional  to  the  number  of  m^UeMltt 
of  the  dissolved  substance,  are  proportional  to  the  number  of  £»> 
sociated  ionsj  each  ion  behaving  as  a  separate  molecule. 


CHAPTER  XII 

CLASSIFICATION  OP  THE  ELEMENTS 

s  already  been  mentioned  (page  7),  that  the  elements  may 
Lssified  under  the  two  subdivisions,  metals  and  non-me/tUs, 
er  dasjnfications  have  from  time  to  time  been  in  use,  based 
other  properties,  such,  for  example,  as  the  vi^ency  of  the 
nts. 

safied  according  to  their  valency,  the  elements  &11  into  six 
risons,  consisting  of  mono-,  di-,  tri-,  tetra-,  penta-,  and  hexa- 
t  elements.  This  system  of  classification  has  now  largely 
into  <^use,  owing  partly  to  the  difficulties  arising  out  of  the 
3ility  of  valency  so  often  exhibited,  but  more  especially  to  the 
recent  development  of  another  system,  known  as  the  natural 
fUation  of  the  eUmentSy  or  the  periodic  system^  which  practi- 
absorbs  and  includes  the  older  method 
rtain  remarkable  numerical  relations  have  long  been  observed 
ist  among  the  atomic  weights  of  elements  that  closely  re- 
lie  one  another  in  their  chemical  habits.  In  such  groups 
milies  it  is  frequently  seen  that  the  atomic  weight  of  one 
ber,  is  approximately  the  arithmetic  mean  of  the  atomic 
hts  of  those  immediately  before  and  after  it,  when  they  are 
iged  in  order  of  their  atomic  weights.    This  will  be  seen  from 
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If  the  elements  in  these  various  families  are  so  arranged,  as  to 
bring  out  the  differences  between  their  atomic  weights,  the  striking 
fact  will  be  observed  that  the  increase  in  the  atomic  weights  in 
each  group  takes  place  by  practically  the  same  increment  In 
the  following  table  the  elements  belonging  to  the  same  group 
are  placed  in  vertical  columns,  the  differences  between  the  various 
atomic  weights  being  placed  between  them : — 


F=i9 

N  =  i4 

0  =  x6 

Na  =  33 

Mg  =  a4 

Dififerenoe  .  16.5 

Diff.     .     17 

Diff:    .    16 

Diff:     .     x6 

Diff:     .    16 

CI  =  35.5 

P  =  3i 

S  =  32 

K-39 

C«  =  40 

Difference  .  445 

Diff.     .     44 

Diff:    .   47 

Diff:     .  46.9 

Diff.     .  47.3 

1 

Br  =  80 

As  =  75 

Sc  =  79 

Rb  s  85.8 

Sr  =  87.3  ' 

Difference  .     47 

Diff.      .     45 

Diff:      .     47 

Difi:     .  47.8 

Diff:     .4^7 

1  =  127 

1 

Sb  =  i20 

Te  =  135 

08  =  133 

Ba  =  i37 

It  will  be  seen  that  in  each  group  the  difference  between  the  first 
and  second  number  is  about  16,  while  between  all  the  others  the 
increase  in  weight  takes  place  by  a  number  which  approximates 
to  16  X  3. 

These  numerical  relations  between  the  atomic  weights  of  elements 
of  the  same  family,  and  between  the  various  groups,  is  obviously 
not  a  chance  one,  and  chemists  were  led  by  it  to  believe  that  the 
properties  of  the  elements  were  in  some  way  related  to  their  atomic 
weights.  Newlands  (1864)  ^a^  the  first  to  point  out,  that  if  the 
elements  are  tabulated  in  the  order  of  increasing  atomic  wdghts, 
the  properties  belonging  to  each  of  the  first  seven  elements  reap- 
peared in  the  second  seven,  and  he  applied  to  this  relation  tbe 
name  of  the  law  of  octcn^es,  A  more  elaborated  and  systematic 
representation  of  Newlands'  law  of  octaves  was  afterwards  deve- 
loped by  Mendelejeff  (1869),  and  which  is  now  generally  known  1 
MendelejefTs  periodic  law. 

If  the  fourteen  elements  with  lowest  atomic  weightSi  after 
hydrogen,  be  arranged  in  order  of  increasing  atomic  weights  in 
two  horizontal  rows  of  seven,  some  of  these  relations  will  be 
recognised — 

Li  =7      Be  =9      B=ii     C=i2     N  =  i4    0=.i6     F  =19 
Na  =  23    Mg=24    Al  =  27    Si  =  28    P  =31     8=32     Cl-35->- 
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In  traversing  the  upper  row  from  lithium  to  fluorine,  we  meet  with 
certain  characteristic  properties  belonging  to  each  member,  and 
also  a  certain  gradation  in  those  properties  that  are  common. 
Coming  to  the  second  row,  or  octave,  many  of  the  characteristic 
properties  of  the  members  of  the  first  row  again  appear,  and  the 
same  regular  modulation  is  met  with  in  passing  along  the  series  : 
thus  lithium  resembles  sodium,  carbon  corresponds  to  silicon, 
fluorine  to  chlorine,  and  so  on.  These  resemblances  are  seen 
both  in  the  physical  as  well  as  the  chemical  properties  of  the 
elements,  thus  lithium  and  sodium  are  both  soft  white  metals, 
and  are  strongly  electro-positive.  Fluorine  and  chlorine  are  both 
pungent  corrosive  gases,  and  are  intensely  electro-negative.  Tak- 
ing their  power  of  combiningk^jrith  chlorine  and  with  hydrogen  as 
indicative  of  thdr  valency,  we  see  that  the  change  in  this  respect, 
as  the  two  series  are  traversed,  is  the  same  in  each,  thus — 


, — ^ 


LiCl      BeCl,     BQg         CCI4     CH4     NH,    OHj    FH 
NaQ    MgCl,    (AlCIj),    SiCl4    SiH4    PH,     SHj     CIH 

The  gradation  in  properties  exhibited  by  the  elements  in  a  series, 
is  also  seen  in  their  power  of  combining  with  oxygen,  which  will 
be  more  deariy  brought  out  if  the  formulae  of  the  compounds  be 
so  written  as  to  indicate  the  relative  proportions  of  oxygen  with 
which  two  atoms  of  each  element  unites,  thus — 

Na,0    (Mg,0^    AlA    (Si304)    PjO^    (SjO.)    Clfi^* 
MgO  SiOj  SO3 

Regarding,  then,  the  seven  elements  of  the  first  row  as  2l  period^  we 
find  that  the  various  properties  exhibited  by  the  several  members 
are  met  with  again  in  those  of  the  second  period. 

Not  only  do  the  properties  of  the  elements  themselves  reappear, 
but  also  those  possessed  by  the  various  compounds  they  form  ;  thus 
lithium  chloride  (LiCl)  and  sodium  chloride  (NaCl)  strongly  re- 
semble one  another.  The  oxides  of  beryllium  and  magnesium 
(BeO  and  MgO)  have  similar  properties.  The  compounds  of  fluo- 
rine and  chlorine  with  hydrogen  (HF  and  HCl)  closely  resemble 
each  other,  and  so  on. 

This  periodic  reappearance  of  similar  properties,  exhibited  by  the 

*  Perchloric  oxide  is  not  known  in  the  free  state. 
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elements  and  their  compounds  as  the  atomic  weights  of  the  fonner 
gradually  increase,  is  thus  stated  by  MendelejefT  in  his  law  of 
periodicity.  The  properties  of  the  elements^  as  well  as  the  proper- 
ties of  their  compounds^  form  a  periodic  function  of  the  atomic 
weights  of  the  elements. 

When  the  tabulation  of  the  elements  according  to  this  system  is 
continued  (after  the  completion  of  the  second  period  with  chlorine), 
it  will  be  seen,  that  beginning  with  potassium,  seventeen  elements 
have  to  be  arranged  before  we  meet  with  the  reappearance  of  those 
properties  that  belong  to  the  first ;  that  is  to  say,  there  are  two 
sets  of  seven  each,  and  three  elements  over,  which  in  the  following 
table  are  placed  within  brackets  : — 

K.  Ca.         Sc  Ti.  V.  Or.  Mn.         (Fe.  Co.  Nl) 

39        40        44        48        51        52        55        (56        59        59) 

Ctt.  Zn.         Ga.         Ge.         As.  Se.  Br. 

635        65        70       72        75        79        80 

This  constitutes  what  is  known  as  a  long  period^  in  contradis- 
tinction to  the  two  first,  which  are  distinguished  as  short  periods 
In  certain  respects,  however,  the  last  seven  elements  in  this  long 
period  exhibit  resemblances  to  the  first  seven  ;  that  is  to  say,  the 
properties  displayed  by  the  members  of  the  first  period,  which  is 
known  as  the  typical  period^  reappear  twice  over  in  the  long  period. 
The  three  elements  within  the  brackets  are  termed  by  Mendelejeff 
transitional  elements.  Continuing  the  arrangement  from  bromine^ 
another  long  period  occurs,  again  containing  three  transitional 
elements : — 

Rb.     Sr.    Y.     Zr.  Nb.    Mo.   —  (Ra.     Rh.    Pd.) 

85.2   87.3   89.6   90.4   93.7   96    ?    (103.5    104    106) 

Ag.     Cd.     In.     Sn.     Sb.     Te.      L 
108     112     113     118     120    125     127 

It  will  be  seen  that  a  gap  is  left  where  the  seventh  member  of 
the  first  part  of  this  period  should  be,  an  element  which  would 
correspond,  in  this  period,  with  manganese  in  the  period  above. 
This  element  is  at  present  unknown.  The  remaining  elements 
belong  to  three  other  long  periods,  in  which,  however,  the  number 
of  gaps  is  very  considerable,  thus — 
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Cs. 
133 

Ba. 

137 

La. 
138.5 

Cc    —   — 
141 

-   (- 

— 

— 

YK 
173 

—     Ta.    W. 
182    184 

-   (Os. 
(191 

Ir. 
192.5 

Pt.) 
195) 

An. 
197 

Hg. 
200 

TL      Pb.* 
203.7    207 

BL     — 
207.5 

— 

— 

— 

— 

Th.   —    Ur. 
232       239.8 

—    (  — 

— 

-) 

Those  elements  that  fall  in  the  first  seven  places  of  the  long 
periods,  are  termed  the  even  series^  while  the  last  seven  are  dis- 
tinguished as  the  odd  series j  arranging  them,  therefore,  in  such  a 
manner  as  to  bring  the  odd  and  even  series  into  colunms,  we  get 
the  table  on  page  102. 

In  this  manner  the  elements  are  arranged  in  eight  groups,  the 
eighth  containing  the  transitional  elements  that  come  between  the 
even  and  odd  series  of  the  long  periods. 

In  each  of  the  remaining  seven  groups,  the  elements  belonging 
to  the  even  series  of  their  respective  long  periods,  are  placed  to  the 
left,  while  those  belonging  to  the  odd  series  are  arranged  on  the 
right  hand  side  of  each  vertical  column.  In  this  way  the  groups  are 
divided  into  the  subdivisions,  A  and  B,  in  which  the  resemblance 
between  the  members  is  most  pronounced.  Thus  in  Group  II., 
altliough  there  are  certain  properties  common  to  all  the  members, 
there  is  a  much  closer  similarity  existing  between  the  elements 
calcium,  strontium,  and  barium  than  between  zinc  and  calcium,  or 
cadmium  and  barium.*  The  elements  in  the  two  short  periods, 
have  been  placed  in  that  subdivision  or  family,  with  the  members 
of  which  they  exhibit  the  closest  resemblance.  Thus,  in  Group  I. 
lithium  and  sodium  are  more  allied  to  potassium,  rubidium,  and 
caesium,  than  to  copper,  silver,  and  gold ;  while  in  Group  VII. 

*  This,  however,  is  by  no  means  uniformly  the  case ;  thus  the  element  copper 
(Group  I.)  in  many  of  its  chemical  attributes  is  much  more  closely  allied  to 
mercury  (Group  II.)  than  to  silver;  and  silver  again  more  strongly  resembles 
thallium  (Group  III.)  than  either  copper  or  gold,  with  which  it  is  associated  in 
this  system  of  classification. 
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fluorine  and  chlorine  are  placed  in  the  same  family  with  bromine 
and  iodine,  with  which  they  exhibit  a  close  similarity. 

In  the  eighth  group,  containing  the  transitional  elements,  the 
families  consist  of  the  horizontal  and  not  the  vertical  rows ;  that  is 
to  say,  the  closest  resemblance  is  between  the  three  transitional 
elements  in  each  series,  elements  whose  atomic  weights,  instead  of 
exhibiting  a  r^^ar  increase,  as  in  the  other  families,  have  almost 
the  same  value,  such  as  Fe  »  56 ;  Co  ■■  59 ;  Ni  =»  59. 

A  glance  at  the  table  shows  that  in  the  last  three  long  periods 
there  are  a  large  number  of  gaps.  It  is  possible  that  these  gaps 
may  represent  elements  which  yet  await  discovery.  This  supposi- 
tion gains  considerable  support  fi'om  the  fact,  that  at  the  time 
Mendelejeff  first  formulated  the  periodic  law,  there  were  three  such 
gaps  in  die  first  long  period,  which  have  since  been  filled  up  by  the 
subsequent  discovery  of  three  new  elements  ;  these  will  be  referred 
to  later.  It  is  noteworthy,  however,  that  all  the  elements  belong- 
ing to  the  last  three  periods,  together  make  a  total  which  is 
almost  exactly  the  number  required  for  a  single  complete  long 
period,  including  three  transitional  elements ;  and  it  is  quite  pos- 
sible that  future  investigations  may  necessitate  an  alteration  in 
the  accepted  atomic  weights  of  some  of  these  elements,  and  con- 
sequently a  change  in  their  positions  in  the  system. 

The  periodic  recurrence  of  some  of  the  chemical  properties, 
is  indicated  in  the  lowest  horizontal  column,  where  the  general 
formulae  of  the  oxygen  compoimds,  and  the  hydrides,  are  given ;  R 
standing  for  one  atom  of  any  element  in  the  group.  As  explained 
on  page  99,  these  formulae  are  so  written  as  to  show  the  relative 
amount  of  oxygen  to  two  atoms  of  element,  in  order  to  establish 
the  true  relation  between  the  different  groups.  For  example,  the 
oxides  of  the  elements  of  Group  I.  contain  two  atoms  of  the  element 
to  one  of  oxygen,  as  K^O  ;  but  those  of  the  second  group  only  con- 
tain one  atom  of  the  element,  as  CaO  :  hence  the  general  formula 
is  doubled,  RgOi.  It  will  be  seen,  therefore,  that  the  proportion  of 
oxygen  relative  to  two  atoms  of  the  element  regularly  increases 
from  the  first  group  to  the  eighth.  The  oxides  of  the  members  of 
the  first  group  are  strongly  basic  in  character,  and  in  general  this 
basic  nature  gradually  diminishes  as  we  traverse  the  series,  giving 
place  to  acidic  characteristics,  which  are  strongly  marked  in  the 
seventh  group. 

The  periodic  reappearance  of  the  physical  properties  of  the 
elements  is  seen  in  such  points  as  their  electrical  characters^  th!e\Y 
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mslleability,  ductility,  melting-points,  &c.,  all  of  whidi  are  in 
harmony  with  the  periodic  law  ;  but  in  none  it  it  more  strildngtr 
seen  than  in  their  atomic  volumes  in  the  solid  state.  The  atomic 
volumes  of  the  elements,  are  the  relative  volumes  occupied  bf 
quantities  proportional  to  their  atomic  weights^  or  by  gramine- 
atoms  ;  and  they  are  obtained  by  dividing  the  atomic  weights  d 
the  elements  by  their  specific  gravities.  In  the  case  of  gases,  n 
has  been  already  explained  on  page  39,  the  specific  gravity  ii 
the  density  referred  to  hydrogen  as  the  unit :  the  atomic  volume, 
therefore,  of  such  a  gas  as  oxygen  is— 

16  —  atomic  weight  _  j 
16  =  density 

The  specific  gravities  of  solids  (and  also  liquids)  ore  rcfeired  to 
water  as  the  unit,  and  as  i  cubic  centimetre  of  water  wdghi 
I  gramme,  the  specific  gravity  of  a  solid  or  liquid,  expresses  the 
weight  in  grammes  of  1  cubic  centimetre  of  the  substance.  Dividing 
the  atomic  weight,  expressed  in  grammes,  by  the  weight  in  grammts 
of  I  cubic  centimetre  {i.e.,  the  specific  gravity),  the  atomic  volume 
will  be  represented  in  cubic  centimetres.  It  must  be  remembeici] 
that  the  atomic  volumes  do  not  express  the  relative  volumes  thai 
are  actually  occupied  by  the  atoms,  they  represent  in  reality  tbt 
relative  volume  of  the  atoms  plus  the  unknown  volumes  of  die 
spaces  that  separate  them. 

The  following  table  gives  the  specific  g^vilies,  and  the  calculated 
atomic  volumes,  of  the  first  and  the  middle  elements  of  the  lao 
short  and  two  long  periods. 
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From  the  figures  in  the  last  column  it  will  be  seen,  that  beginniiv 
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with  lithium,  1 1.9,  the  atomic  volume  £dls  as  the  middle  element  of 
the  period,  namely  carbon,  is  reached  ;  after  which  it  again  rises 
and  reaches  a  maximum  with  the  first  member  of  the  second  period, 
namely  sodium.  In  this  period  the  same  gradual  fall  in  atomic 
volume  is  again  noticed  until  the  middle  element  (silicon)  is 
reached,  when  the  value  of  this  function  of  the  elements  once  more 
rises,  and  a  second  maximum  is  attained  with  the  first  member 
(potassium)  of  the  third  period.  The  two  next  are  long  periods,  and 
the  atomic  volumes  steadily  decrease  until  the  middle  three  (transi- 
tional) elements,  after  which  they  gradually  increase  again  to  a 
maximum  in  rubidium,  the  starting-point  of  the  fourth  period.  In 
the  fourth  period  the  same  thing  once  more  occurs,  the  minimum 
atomic  volumes  being  those  of  the  middle  or  transition  elements, 
after  which  a  maximum  is  again  reached  in  caesium. 

This  periodicity  of  the  atomic  volumes  may  be  graphically 
represented  by  a  curve,  where  the  ordinates  represent  atomic 
volumes,  and  the  abscissae  atomic  weights.  This  curve,  which  was 
first  constructed  by  Lothar  Meyer,  is  known  as  Lothar  Meyer's 
curve  (page  106X  ^^^  ^  comparison  of  it  with  MendelejefTs  table 
is  most  instructive. 

The  divisions  indicated  by  the  Roman  numerals  correspond  to 
the  different  periods  :  Groups  I.  and  II.  being  the  two  short  periods, 
III.  and  IV.  the  two  complete  long  periods,  while  V.,  VI.,  and  VII. 
correspond  to  the  fragmentary  portions  of  the  last  three  periods. 

The  transitional  elements  of  periods  III.,  IV.,  and  VI.  are  all  to 
be  found  at  the  minima  of  the  large  hollows ;  separating  the  even 
series  (situated  on  the  descending  portion  of  the  curve),  from  the 
odd  series  which  lie  on  the  ascending  slope.  The  elements  belong- 
ing to  the  different  groups  in  MendelejefTs  table,  are  seen  to  occupy 
the  same  relative  positions  upon  the  different  portions  of  this  curve. 

Thus  in  Group  I.  the  elements  Li,  Na,  K,  Rb,  Cs,  are  all  found 
upon  the  maxima  of  the  curve,  and  Cu,  Ag,  and  Au  at  those  points 
at  the  minima  where  the  electro-negaiive  properties  reappear.  The 
halogen  elements  (chlorine,  bromine,  iodine)  are  seen  in  similar 
positions  upon  the  ascending,  and  the  alkaline  earths  (beryllium, 
magnesium,  calcium,  strontium,  barium)  on  the  descending 
portions. 

When  the  periodic  law  was  first  formulated  by  Mendelejeff 
(1869),  there  were  a  number  of  instances  in  which  the  system  did 
not  harmonise  with  the  then  accepted  atomic  weights  of  the 
elements.    The  discoverer  boldly  asserted  that  the  atomVe  >we;\^\i\&^ 
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and  not  the  system,  were  at  feult,  and  in  every  such  case  the  care- 
ful reinvestigation  of  the  atomic  weights  by  numerous  chemists, 
has  proved  the  correctness  of  the  assertion.  One  or  two  instances 
may  be  quoted.  The  element  indium  had  assigned  to  it  the 
atomic  weight  76.  Its  combining  proportion  is  38,  and  being 
regarded  as  a  divalent  element,  its  oxide  was  believed  to  have 
the  formula  InO.  Having  an  atomic  weight  =  76,  indium  would 
occupy  a  place  between  As  »  75  and  Se  =  79  ;  but  in  the  system 
(see  table  on  page  102),  there  is  no  room  for  an  element  with  such 
an  atomic  weight ;  and,  moreover,  if  indium  be  a  divalent  element 
having  this  atomic  weight,  it  should  come  between  Zn  =  65  and 
Sr  =  ^7  in  Group  II.,  where  again  there  is  no  room.  Mendelejeff 
made  the  assumption  that  the  oxide  of  indium  had  the  formula 
In^Og,  believing  the  element  to  be  an  analogue  of  aluminium 
(Group  III.).  If  this  be  the  true  composition  of  the  oxide,  the 
atomic  weight  of  the  element  would  be  38  x  3  =  1 14,  and  indium 
would  then  take  its  place  in  Group  III.,  between  the  elements 
cadmium  «  112  and  Sn  =»  118,  in  the  odd  series  of  the  second  long 
period.  Bunsen  afterwards  determined  the  specific  heat  of  indium 
by  means  of  his  ice  calorimeter,  and  found  it  to  be  0.057  : — 

Mean  atomic  heat     6.4        ,,^-      «♦««*;«  «,-*;«.u* /«.—>  ««***»  .,.\ 
„      ._    ,  ^   =  1 12.3  =»  atomic  weignt  (seepage  45}. 

Speaficheat    .    .   0.057 

Hence  114  and  not  76  is  the  accepted  (approximate)  atomic  weight 
of  indium. 

Again,  the  element  beryllium  (formerly  known  as  glucinum)  has 
a  combining  proportion  of  4.6.  Its  chloride  was  believed  to  have 
the  composition  BeCls,  and  its  oxide  to  be  a  sesquioxide  having 
the  formula  BegOg.  The  atomic  weight  assigned  to  the  element, 
therefore,  was  13.8. 

With  this  atomic  weight  beryllium  would  take  its  place  between 
carbon  »  12  and  nitrogen  =  14 ;  but  according  to  the  periodic 
classification  there  is  no  room  for  such  an  element,  and  moreover, 
in  such  a  position  it  would  be  among  elements  with  which  it  has 
no  properties  in  common.  On  the  supposition  that  the  oxide  of 
beryllium  has  the  formula  BeO,  that  is,  that  the  element  is  divalent, 
its  atomic  weight  would  have  to  be  lowered  from  13.8  to  9.1  in 
order  to  maintain  the  same  ratio  between  the  weights  of  metal  and 
oxygen  in  the  compound.  On  this  assumption,  beryllium  would 
fall  into  the  second  place  in  the  first  series,  between  lithium  =  7 
and  boron  =11,  and  in  the  same  group  as  magnesium  and  imc 
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When  the  specific  heat  of  beryllium  was  determined,  it  gave  the 
value  0.45,  and  this  number  divided  into  the  atomic  heat  constant, 
6.4,  gave  14  as  the  atomic  weight  In  spite  of  this  evidence  ii 
favour  of  the  higher  value  as  the  atomic  weight  of  beiylHnDi 
Mendel ejeff  still  regarded  the  lower  number  as  correct,  and  il 
was  suggested  that  possibly  beryllium,  like  carbon  and  bom 
(elements  also  of  very  low  atomic  weight),  had  an  abnonnaDf 
low  specific  heat  at  ordinary  temperatures.  This  was  found  to  be 
the  case  (see  page  46),  and  at  500**  the  specific  heat  of  beiylUom 
was  found  to  be  0.6206.  This  divided  into  6.4  gives  the  value  10 
as  the  atomic  weight,  which  indicates  that  9.1  and  not  15.8  is  in 
reality  the  atomic  weight  of  ber>'llium. 

Not  only  has  the  periodic  law  been  of  service  in  bringing  about 
the  correction  of  a  number  of  doubtful  atomic  weights,  but  by 
means  of  it,  its  originator  was  enabled  to  predict  with  considenble 
certainty  the  existence  of  hitherto  undiscovered  elements,  and 
even  to  predicate  many  of  the  properties  of  these  elements.  As 
already  mentioned,  at  the  time  when  the  periodic  law  was  fiist 
formulated,  there  were  three  gaps  in  the  system  in  the  first  long 
period,  namely.  No.  3  in  the  even  series  (now  occupied  by  scandium)^ 
and  Nos.  3  and  4  in  the  odd  series  (now  fill^  by  gallium  and 
germanium).  To  the  unknown  elements  which  were  destined  to 
occupy  these  positions,  Mendelejcff  gave  the  names  eka-horon^ 
eka-alumimum,  and  eka-silican  (the  prefix  eka  being  the  Sanscrit 
niinieral  one),  and  from  the  known  properties  of  the  neighbouring 
elements  of  the  series  (horizontal  rows  in  the  table,  pag^e  102),  and 
also  of  those  situated  nearest  in  the  same  family  (vertical  columns)^ 
he  predicted  some  of  the  prominent  properties  that  would  pro- 
bably be  possessed  by  these  elements.  Thus  in  the  case  of  eka- 
aluminium,  from  the  known  properties  of  aluminium  and  indium, 
the  neighbouring  elements  in  the  same  family,  and  from  zinc,  tbe 
contiguous  element  in  the  same  series  (the  5th  place  in  the  series 
being  unoccupied),  Mendelejeff  deduced  the  following  properties 
for  the  unknown  element  that  he  called  eka-aluminium  : — 

Predicted  Properties  of  Eka-Aluminium  (1871). 

(i.)  Should  have  an  atomic  weight  about  69. 
(2  )  Will  have  a  low  melting-point. 
(3.)  Its  specific  gnivity  should  be  about  5.9. 
(4.)  Will  not  l)e  acted  upon  by  the  air. 
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(5.)  Will  decompose  water  at  a  red  heat 

(d)  Will  give  an  oxide  Elfi^  a  chloride  EljCi^  and  sulphate 

[7.)  Will  form  a  potassium  alum,  which  will  probably  be  more 

■ble  and  less  easily  crystallisable  than  the  corresponding  alumi- 

BalnnL 

(8w)  The  oxide  should  be  more  easily  reducible  to  the  metal  than 

anna.    The  metal  will  probably  be  more  volatile  than  altuni- 

m,  and  therefore  its  discovery  by  means  of  the  spectroscope 

y  be  expected. 

n  the  year  1875  L^coq  de  Boisbaudran  discovered  a  new 
nent  in  a  certain  specimen  of  zinc  blende  (zinc  sulphide),  the 
ividnaUty  of  which  he  first  recognised  by  the  spectroscope, 
spetuum  being  characterised  by  a  brilliant  violet  line.  This 
Dent  he  named  gallium.  The  properties  of  this  metal,  as  they 
e  subsequently  observed,  showed  that  it  was,  in  fact,  the  pre- 
:ed  dca-aluixunium  of  MendelejefT,  as  will  at  once  be  seen  by  a 
ipaiison  of  the  following  fects. 

Properties  of  Gallium  {disccvered  1875). 

I.)  Atomic  weight  =  69.9. 

2.)  Melting-point,  30.15*. 

3.)  Specific  gravity,  5.93. 

4.)  Only  slightly  oxidised  at  a  red  heat 

5.)  Decomposes  water  at  high  temperatures. 

6.)  Gallium  oxide,  Ga^O^.    Gallium  chloride,  Ga^CI^.    Gallium 

phate,  Ga^SOfV 

[7.)  Forms  a  well-defined  alum. 

[&)  Is  easily  obtained  by  the  electrolysis  of  alkaline  solutions. 

In  a  similar  manner  the  properties  of  eka-boron  and  eka-silicon 
sre  predicted,  and  the  subsequent  discovery  oi  scandium  (Nilson, 
'79X  and  germanium  (Winkler,  1886),  whose  properties  were 
UDd  to  closely  accord  with  these  hypothetical  elements,  formed 
1  additional  demonstration  of  the  truth  of  the  periodic  law. 
No  satisfactory  theory  has  yet  been  offered,  to  explain  the  law  of 
eriodidty. 


CHAPTER  XIII 

GENERAL  PROPERTIES  OF  LIQUIDS 

Under  this  head  the  following  subjects  will  be  considered  :— 

1.  The  passage  of  liquids  into  vapours  or  gases. 

2.  The  passage  of  liquids  into  solids. 

3.  Solution. 

1.  The  Passage  of  Liquids  into  Gases.    Bvaporatilm  aid 

Boiling. — Just  as  in  the  gaseous  condition,  so  in  the  liquid  state, 
the  molecules  are  in  a  state  of  motion  :  in  the  liquid  state,  howcrer, 
the  mean  kinetic  energy  of  the  molecules  is  unable  to  overcome  tbe 
force  of  their  mutual  attraction.  Some  of  the  molecules  have  a 
smaller  kinetic  energy  (that  is,  a  lower  temperature),  and  odxn 
a  greater  kinetic  energy,  than  the  average  ;  and  when  in  the  couse 
of  their  movements  the  latter  strike  the  surface  of  the  liquid  and 
break  through  it,  they  continue  their  movements  in  the  sgatt 
above,  as  gaseous  molecules.  If  the  space  into  which  they  wander 
be  unlimited,  that  is,  if  the  liquid  be  freely  exposed  to  the  air,  tbeie 
molecules  escape  away  altogether,  and  consequently  the  liquid 
diminishes  in  quantity.  This  process  is  known  as  evi^cratim^ 
and  as  the  molecules  which  so  leave  the  liquid  are  those  having 
the  highest  temperature,  it  follows  that  the  temperature  of  the 
liquid,  which  is  the  average  temperature  of  the  molecules,  will  M 
The  more  completely  the  molecules  that  so  escape  from  the 
of  a  liquid  are  prevented  from  falling  back,  that  is,  the  more 
they  are  swept  away  from  the  immediate  neighbourhood  of  tiie 
liquid,  the  more  quickly  will  this  escape  of  molecules  take  pbct 
and  therefore  the  greater  will  be  the  fall  of  temperature  that  remlls 
from  evaporation.  Thus,  if  a  quantity  of  liquid,  say  water,  be 
exposed  in  a  dish  so  that  a  current  of  air  is  blown  across  the  sar 
face,  the  rate  of  evaporation  is  increased,  and  the  temperature  con- 
sequently falls  lower  than  if  the  water  be  merely  placed  in  a  stiB 
atmosphere :  similarly,  if  the  water  be  placed  in  a  vacuum  the  ntt 

zzo 
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of  evaporation  is  increased,  because  the  molecules  that  escape  from 
the  sur&ce  of  the  liquid  are  not  impeded  in  their  motions  by 
collisions  with  the  molecules  of  air. 

This  fall  of  temperature  resulting  from  evaporation,  may  be 
readily  seen  by  enveloping  the  bulb  of  a  thermometer  in  a  piece  of 
thin  muslin,  and  moistening  it  with  water.  If  such  a  thermometer 
be  placed  by  the  side  of  a  naked  thennometer,  it  will  be  seen  that 
the  mercury  will  fall  lower  in  the  one  that  is  moistened,  and  the 
difference  will  be  still  more  marked  if  the  instruments  are  placed 
in  a  draught,  whereby  the 
evaporation  of  the  water 
fiDm  the  muslin  is  accele- 
rated. 

If  the  space  above  the 
liquidbelimited,  molecules 
still  continue  to  escape 
bom  the  surface  \  but  a 
state  of  equilibrium  is  soon 
established,  when  as  many 
are  thrown  back  again  by 
rebounding  from  one  ao- 
ither  and  from  the  walls 
jf  the  containing  vessel, 
IS  leave  the  surface  in  a 
pven  time.  Under  these 
:»nditions  the  enclosed 
ipace  is  said  to  be  satu- 
••aitd  with  tke  vapour  of 
'ht  liquid.  The  number 
)f  molecules  which  escape 
rom  the  surface,  depends 
i(>on  the  temperature,  and  f  ic.  la. 

s  independent  of  the  pres- 

rtire,  for  if  the  volume  of  a  saturated  vapour  be  forcibly  diminished, 
t  merely  results  in  the  condensation  of  a  portion  of  the  vapour ;  and 
f  expanded,  a  corresponding  vaporisation  of  an  additional  quantity 
rf  the  liquid,  the  pressure  remaining  always  constant  The  number 
if  molecules  that  re-enter  the  liquid,  is  detennined  by  the  number 
md  the  velocity  of  those  that  exist  as  gaseous  molecules  in  a 
init  voliune.  But  the  pressure  exerted  by  a  gas  is  caused  by  the 
lumber  and  velocilyof  the  molecules  in  a  given  volume,  hence  the 
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condition  of  equilibrium  is  set  up,  when  the  vapour  above  the  tiqnid 
exerts  a  definite  pressure,  which  pressure  will  be  constant  for  any 
given  temperature.  The  pressure  exerted  by  a  vapour  under  these 
conditions  is  termed  the  vapour  tension  of  the  liquid.  The  faxx  that 
the  vapour  given  off  from  a  liquid  exerts  pressure,  may  readily  be 
experimentally  illustrated  by  means  of  the  apfMiratus  seen  in  Fig. 
12.  Three  glass  tubes,  A,  B,  and  C,  about  one  metre  long,  are  com- 
pletely filled  with  mercury  and  inverted  in  a  trough  of  the  same 
liquid.  The  mercury  will  sink  to  the  same  level  in  each  tabe,  die 
length  of  the  mercury  column  representing  the  atmospheric  pres- 
sure at  the  time.  Into  two  of  these  barometer  tubes,  B  and  c; 
a  few  drops  of  water  are  introduced,  when  it  will  be  found  that  the 
mercury  is  depressed,  as  indicated  in  B,  below  the  level  at  which  it 
previously  stood.  This  depression  of  the  mercury  colunm,  repre- 
sents the  tension  of  the  vapour  of  the  water  for  the  particular 
temperature  at  which  the  experiment  is  made.  If  tube  C  be  sur- 
rounded by  a  wider  glass  tube,  through  which  steam  from  a  small 
boiler  is  passed,  it  will  be  noticed  that  as  the  temperature  of  the 
water  in  the  tube  rises,  the  mercury  is  more  and  more  depressed, 
thus  showing  that  the  tension  of  the  vapour  increases  with  rise 
of  temperature.  As  soon  as  the  steam  circulates  freely  and  Is 
escaping  at  the  bottom  of  the  wide  tube,  in  other  words,  as  sooo 
as  the  temperature  of  the  enclosed  water  in  tube  c  reaches  loo', 
/>.,  the  temperature  of  the  steam  surrounding  it,  the  mercury  ia 
the  tube  will  be  depressed  to  the  level  of  that  in  the  trough.  The 
tension  of  the  vapour  within  the  tube,  under  these  drciunstaoces^ 
is  therefore  equal  to  the  atmospheric  pressure. 

If,  instead  of  introducing  water  into  the  barometer  tube,  ether 
were  employed,  and  a  stream  of  vapour  from  boiling  ether  were 
passed  through  the  outer  tube,  it  would  be  seen  that  when  the  ether 
within  the  tube  reached  the  temperature  of  the  vapour  frtun  the 
boiling  ether,  namely,  35**,  the  mercury  would  again  be  depressed 
to  the  level  of  that  in  the  trough  ;  that  is,  the  tension  of  the  ether 
vapour  would  then  be  equal  to  the  pressure  of  the  atmosphere:  We 
see,  therefore,  that  when  water  is  heated  to  its  boiling-point,  ra^ 
ioo%  the  tension  of  its  vapour  is  equal  to  the  atmospheric  pressure; 
and  when  ether  is  heated  to  its  boiling-point,  viz.,  35*,  the  pressure 
exerted  by  its  vapour  is  equal  to  the  pressure  of  the  atmo^iherei 
The  boiling-point  of  a  liquid  may  therefore  be  defined  as  ik 
temperature  at  which  the  vapour  pressure  is  equal  to  iJkepressMn 
of  tJie  aimosphere.    As  soon  as  this  point  is  passed,  the  Idnetic 
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energy  of  the  molecules  has  been  so  much  augmented  by  the 
supply  of  external  heat,  that  it  is  able  to  overcome  the  force  of 
their  mutual  attractions,  and,  consequently,  the  molecules,  freely 
pass  away  from  the  surface  of  the  liquid. 

As  will  be  seen  from  the  illustrations  given,  namely,  water  and 
ether,  the  temperatures  at  which  the  vapours  of  different  liquids 
exert  a  pressure  equal  to  that  of  the  atmosphere  are  widely  diffe- 
rent This  fact  will  be  still  more  evident  from  the  following  table, 
giving  the  temperatures  at  which  the  vapour  pressure  of  various 
liquids  is  equal  to  the  standard  atmospheric  pressure  : — 

Liquid  oxygen -181 

Liquid  nitrous  oxide    .                .        .  -  92* 

Liquid  sulphur  dioxide                .        .  -10'^ 

Ethyl  chloride +   ii" 

Carbon  disulphide       ....  47' 

Water 100° 

Aniline 182* 

Mercury 358* 


o 
)° 

>o 


Since  the  boiling-point  of  a  liquid  is  that  temperature  at  which 
its  vapour  tension  is  equal  to  the  atmospheric  pressure,  it  will  be 
evident  that,  if  the  latter  increases  or  decreases,  the  temperature 
necessary  to  produce  an  equal  vapour  pressure  must  also  rise  or 
fall ;  in  other  words,  the  boiling-point  of  a  liquid  is  dependent  upon 
the  pressure.  If  a  quantity  of  water,  no  warmer  than  the  hand,  be 
placed  beneath  the  receiver  of  an  air-pump,  which  is  then  quickly 
exhausted,  the  water  will  be  seen  to  enter  into  violent  ebullition. 
It  does  this,  when  the  pressure  within  the  receiver  is  reduced  to 
the  point  at  which  it  is  equal  to  the  tension  of  aqueous  vapour  at 
the  temperature  taken. 

For  this  reason  water  boils  at  a  lower  temperature  in  high 
altitudes  than  at  the  sea-level ;  and  as  the  vapour  tension  of  water 
at  various  temperatures  has  been  experimentally  determined,  we 
can,  by  ascertaining  the  boiling-point  of  water  at  any  particular 
altitude,  calculate  the  atmospheric  pressure,  and  consequently  the 
height  above  the  sea-level. 

Many  liquids  when  heated,  especially  in  glass  vessels  that  have 
been  carefully  cleansed,  may  be  raised  several  degrees  above  the 
boiling-point  without  ebullition  taking  place.  The  liquid  under 
these  circumstances  assumes  a  pulsating  movement,  which  con- 
tinues for  a  short  time,  when  a  burst  of  vapour  is  suddenly  evolved 
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with  violence,  and  the  temperature  at  once  drops  to  the  boiling- 
point.  The  liquid  then  becomes  quiescent,  and  again,  as  the 
temperature  rises,  the  pulsating  movement  begins,  ending  once 
more  in  an  explosive  evolution  of  vapour.  This  successive  boiling, 
or  bumping^  is  sometimes  sufficiently  violent  to  cause  the  fracture  of 
the  vessel.  In  order  to  experimentally  ascertain  the  boiling-point 
of  a  liquid,  the  thermometer,  for  this  reason,  is  not  immersed  is 
the  tiquidy  but  is  suspended  in  the  vapour,  the  temperature  of  which 
remains  constant  throughout  these  irregularities  in  the  boiling. 
Latent  Heat  of  Vaporisation. — When  a  liquid  is  heated,  its 

temperature  rises,  as  indicated  by  the  thermometer,  until  a  certain 
point  is  reached  (the  boiling-point  of  the  liquid),  when  the  con- 
tinued application  of  heat  causes  no  further  rise  of  temperature. 
Thermometers  placed  in  the  liquid,  and  in  the  vapour,  indicate  the 
same  temperature  and  remain  constant,  and  all  further  applica- 
tion of  heat  is  unappreciated  by  these  instruments,  and  disappears 
in  changing  the  liquid  into  vapour.  The  heat  which  in  this  way  is 
absorbed  during  the  vaporisation  of  a  liquid,  is  spoken  of  as  the 
latent  heat  of  vaporisation;  and  the  same  amount  of  heat  which 
thus  disappears  during  the  conversion  of  a  liquid  into  a  vapour, 
is  again  rendered  sensible  when  the  vapour  passes  back  into  the 
liquid  state. 

The  heat  which  is  thus  said  to  become  latent^  is  in  reality  con- 
verted into  kinetic  energy ;  it  is  expended  in  imparting  to  the 
molecules  the  kinetic  energy  necessary  to  overcome  the  attractix-e 
forces  operating  between  them  while  in  the  liquid  state  ;  in  other 
words,  it  is  doing  the  work  of  overcoming  cohesion  (internal  work), 
and  also  the  external  pressure  on  the  vapour  (external  work). 

In  order  that  a  liquid  may  pass  into  a 
vapour  it  is  necessary  that  heat  be  absorbed 
We  have  seen  (page  no)  that  a  liquid  under- 
going spontaneous  evaporation  becomes  colder 
(that  is,  heat  is  absorbed  by  the  molecules  that 
are  converted  into  the  gaseous  state),  and  also 
that  the  more  rapidly  the  liquid  can  be  made 
to  pass  into  the  vaporous  condition,  witboir. 
supplying  external  heat,  the  lower  will  its 
temperature  fall.  Upon  this  fact  depend  a 
number  of  methods  for  the  artificial  prodac* 
tion  of  low  degrees  of  cold.  For  example,  ether  boils  at  35',  brt 
if  a  small  quantity  of  ether  be  placed  in  a  glass  flask  standing 
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upon  a  wooden  block,  upon  which  a  few  drops  of  water  faave  been 
poured,  and  a  cuTTcnt  of  air  Irom  a  bellows  be  briskly  blown 
through  the  ether  (Fig.  13),  the  temperature  of  the  ether  will 
bll  so  rapidly  that  in  a  few  moments  the  Rask  will  be  frozen  to 
the  blocic  By  the  rapid  evaporation  of  liquids  with  lower  boiling- 
points,  the  extreme  degrees  of  cold  necessary  for  the  liquefaction  of 
suchgase3as<Htygen,carbonmonoxide,air,&c.,  are  obtained.  Thus, 
liquid  methyl  chloride  boils  at  -  33° ;  by  cauung  it  to  rapidly 
vaporise,  its  temperature  can  be  reduced  to  -  70*.    Liquid  ethy- 


lene in  the  same  way  fails  to  a  temperature  of  -  120°,  and  liquid 
oxygen  by  rapid  evaporation  gives  a  temperature  as  low  as  -aio*. 
The  temperature  of  water,  in  like  manner,  may  be  so  lowered  by 
its  own  rapid  evaporation,  as  to  cause  it  to  freeze.  We  have  already 
leen  that  by  reducing  the  pressure,  the  boiling-point  of  a  liquid  is 
lowered  ;  if,  therefore,  a  quantity  of  water  be  placed  in  a  vacuum, 
and  methods  be  adopted  to  remove  the  water  vapour  as  lapidly 
as  it  is  formed,  the  water  will  enter  into  rapid  ebullition.    The 
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evaparalion  will  therefore  proceed  so  rapidly,  and  consequenilf 
absorb  heat  so  quickly,  that  the  temperature  of  the  boiling  liqmd 
will  quickly  fall  to  o"  wheD  it  passes  into  the  solid  state.  Tbe 
instrument  known  as  Cane's  freezing  machine  depends  upon  tbii 
principle.  The  water  to  be  frozen  is  placed  in  tbe  glass  bottle  C 
(Fig.  14)1  which  is  in  connection  with  a  metal  reservoir  R,  biV 
filled  with  strong  sulphuric  acid.  This  in  its  turn  is  connected  t? 
b  with  an  air-pump  P,  worked  by  the  lever  M,  to  which  it  ■!» 
attached  a  connecting  rod  /,  so  that  a  stirrer  within  the  nju'iaif 
is  kept  constantly  in  motion.  As  soon  u 
the  apparatus  is  exhausted  to  a  pressure  of 
two  or  three  millimetres,  the  water  begiru 
rapidly  to  boil,  and  as  the  sulphuric  acid 
absorbs  the  water  vapour  as  rapidly  as  it  ii 
given  off,  the  temperature  quickly  falls  and 
the  water  freezes. 

Fig.    i;    illustrates   another  method  h 

which  the  same   result   may  be    obtainnL 

A  tall  glass  vessel  is  exhausted  by  means  nf 

an  ordinary  air*pump,  and  water  is  allontd 

slowly  to  enter  from  a  stoppered  fiinnel, 

upon  the  end  of  which  is  secured  a  shon 

string.     At  the  same  time  strong  sulphuric 

acid  is  admitted  by  the  second  funnel,  and 

caused  to  flow  down  a  glass  rod,  round  whid 

is  wound  a  spiral  of  asbestos  thread.     Tbe 

acid  at  once  absorbs  the  aqueous  vapou 

from  the  evaporating  water,  the  tempen- 

turc  of  which,  therefore,   ^U   below  i' 

freezing-point,  and  it  solidifies  as  it  fkx 

_)7  over  the  siring  into  the  form  of  an  icicle. 

"  Just  as  diminution  in  pressure  lowers  lb* 

■  '5'  l>oiling-poinl  of  a  liquid,  so  increased  prts- 

sure  raises  the  boiling-point.      If  water  be 

heated  in  a  closed  iron  vessel,  as  in  a  high-pressure  steam  boikr, 

the  pressure  caused  by  its  own  vajmur  raises  the  boiling-peut 

many  degrees  above  roo°.    There  is  a  definite  temperature,  ho^ 

ever,  for  every  liquid,  Iwyond  which  the  liquid  state  is  impossibk, 

whatever  may  !>c  the  pressure  ;  that  is  to  say,  the   liquid  wbB 

heated  beyond  this  fixed  point  passes  into  the  gaseous  states  bor 

^cr  great  the  pressure  may  be.     This  temperature  is  the  en6ii 
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tperiUure  (see  page  77).  If  a  liquid  be  heated  in  a  sealed  and 
ong  glass  tube,  as  the  critical  temperature  is  approached,  the 
'£su:e  of  the  liquid  gradually  becomes  ill-defined,  and  finally  the 
)e  is  completdy  occupied  by  transparent  vapour.  On  again 
>ling,  as  soon  as  the  critical  point  is  passed,  the  contents  of 
i  tube  again  separate  into  two  distinct  layers  consisting  of  liquid 
dgas. 

irapouP-PressUFes  of  Solutions,— The  boiling-point  of  a  liquid 
modified  by  the  presence  in  the  liquid  of  dissolved  substances. 
the  substance  in  the  solution  be  less  volatile  than  the  liquid,  the 
iling- point  is  raised.  Thus,  while  the  boiling-point  of  pure 
ter  (under  the  normal  atmospheric  pressure)  is  100®,  the  tem- 
rature  at  which  saturated  aqueous  solutions  of  salts  boil,  is 
isiderably  higher,  thus  : — 


Water  Saturated  with 

Sodium  chloride    . 

Containing  Grammes  of 

Salt  in  TOO  Grammes 

of  Water. 

41.2 

Boiling-point. 
108.4' 

Potassium  nitrate . 
Potassium  carbonate 
Calcium  chloride  . 

•  335.1 
205.0 

•  325.0 

115.9' 
133.0" 
179.5' 

rbe  temperature  of  the  steam  of  these  boiling  solutions,  as 
:ertained  by  suspending  a  thermometer  in  the  vapour,  appears 
be  the  same  as  that  from  pure  water,  as  the  thermometer  in 
cases  indicates  100°.  In  reality,  however,  the  temperature  is 
l^her,  although  not  so  high  as  that  of  the  boiling  liquid.  The 
ison  that  the  thermometer  indicates  100°  in  all  cases  is  because 
I  water  vapour  continually  condenses  upon  the  bulb  of  the 
(trument,  covering  it  with  a  film  of  pure  water,  which  boiling 
from  the  bulb  indicates  only  the  boiling-point  of  the  pure 
uid.  By  special  arrangements  this  condensation  may  be  pre- 
Qted,  when  it  has  been  shown  (Magnus)  that  the  temperature 
the  vapour,  from  such  boiling  solutions,  rises  as  the  solutions 
come  more  concentrated — that  is,  as  the  temperature  of  the 
iling  liquids  rise.  It  has  been  already  explained  that  the  boil- 
^-point  of  a  liquid  is  that  temperature  at  which  the  vapour 
ision  is  equal  to  the  atmospheric  pressure ;  since,  then,  the 
£sence  of  dissolved  substances  raises  the  boiling-point,  it 
2refore  lowers  the  vapour- pressure,  for  (in  the  case  of  aqueous 
utions)  when  the  temperature  has  reached  loo'  the  vapour- 
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pressure  is  still  below  that  of  the  atmosphere,  for  the  liquid  does 
not  enter  into  ebullition  at  that  temperature.  By  measuring 
vapour-pressures  of  solutions  at  a  constant  temperature,  instead 
of  measuring  the  temperature  at  a  constant  pressure  (/.«.,  the 
boiling-point),  the  following  general  laws  have  been  estab- 
lished : — 

1.  The  relation  between  the  quantity  of  a  substamu  m 
solution  and  the  diminution  of  the  vapour-pressure  beUm 
that  of  the  pure  solvent^  is  the  same  at  all  temperatures. 

2.  The  diminution  of  the  vapour-pressure  of  a  liquH  hj 
^    a  dissolved  substance^  is  proportional  to  the  amount  of  tiu 

substance  in  solution  (^provided  the  substance  itself  exerts 
no  appreciable  vapour-pressure  at  the  tett^eraiure  of  tk 
20   experiment), 

3.  The  molecular  lowering  of  vapour -pressure  by  chemi- 
cally similar  substances  is  constants  that  is  to  say^  sole- 

10  tions  contcUning  one  molecular  weight  in  grammes  {em 
gramme-molecule)  of  such  substances  in  equal  volumes  ef 
the  solvent^  give  rise  to  the  same  diminution  of  vopour- 
pressure, 

4.  The  relative  lowering  of  vapour-pressure  is  proper- 
Honed  to  the  ratio  of  the  nwnber  of  molecules  of  the  dis- 
solved  substance^  to  the  total  number  of  molecules  in  the 
solution^  />.,  the  sum  of  the  number  of  molecules  of  tie 
dissolved  substance  and  of  the  solvent,* 

Upon  these  considerations  it  becomes  possible,  by  means 
of  the  lowering  of  the  vapour-pressure,  to  find  the  molecular 
weight  of  a  substance  that  is  capable  of  being  dissolved 
in  a  volatile  liquid. 

The  Passage  of  Liquids  into  Solids.— Most  liquids^ 

KiG  16  ^^^"  cooled  to  some  specific  temperature,  pass  into  the 
solid  state ;  the  temperature  at  which  this  change  takes 
place  is  termed  the  solidifying  point.  Generally  speaking,  the 
temperature  at  which  a  liquid  solidifies  is  the  same  as  that 
at  which  the  solid  again  melts ;  but  as  the  solidification  d*  a 
liquid  is  subject  to  disturbances  from  causes  that  do  not  afiect 
the  melting-point,  this  is  not  always  the  case.  Thus,  water 
may  be  cooled  many  degrees  below  0°  if  it  be  previously  freed 
from  dissolved  air,  and  be  kept  perfectly  still.  This  supe^ 
cooling  of  water  may   readily  \y^  illustrated  by  means  of  the 

*  Except  in  the  case  of  electrolytes.     Sec  page  96. 
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apparatus  represented  in  Fig.  16.  This  consists  of  a  thermometer 
whose  bulb  is  enclosed  in  a  larger  bulb  containing  water,  which 
before  the  bulb  is  sealed  at  a^  is  briskly  boiled  to  expel  all  the  air. 
When  the  instrument  is  immersed  in  a  freezing  mixture  the  tem- 
perature of  the  water  may  be  lowered  to  -15'  without  congeala- 
tion  taking  place,  but  on  the  slightest  agitation  it  at  once  solidifies 
and  the  temperature  rises  to  o^  It  is  on  account  of  this  property 
of  water  to  suspend  its  solidification,  that  in  determining  the  lower 
fixed  point  of  a  thermometer,  the  temperature  of  melting  ice,  and 
not  that  of  freezing  water,  is  made  use  of. 

Many  other  liquids  exhibit  suspended  solidification  to  a  very 
high  degree ;  thus  glycerine  may  be  cooled  to  —  30*  or  —  40°  with- 
out solidifying,  but  if  a  crystal  of  solid  glycerine  be  placed  in  the 
liquid  the  entire  mass  freezes,  and  does  not  again  melt  until  a 
temperature  of  15.5*  is  reached. 

Change  of  Volume  on  Solldifleation.— Most  liquids,  in  the 

act  of  solidifying,  contract ;  that  is  to  say,  the  solid  occupies  a  smaller 
volume  than  the  liquid.  Consequently  the  solid  is  specifically  denser, 
and  sinks  in  the  Uquid.  Thus  100  volumes  of  liquid  phosphorus 
at  44*  (the  melting-point)  when  solidified,  occupy  only  96.7  volumes. 
Water  expands  upon  solidification,  hence  ice  is  relatively  lighter 
than  water,  and  floats  upon  the  liquid.  The  reverse  change  of 
volume  accompanies  the  change  of  state  in  the  opposite  direction. 

Effeet  of  Ppessure  upon  the  Solldlfyinsr  Point  of  liquids. 

— In  the  case  of  liquids  that  contract  upon  solidification,  increased 
pressure  raises  the  point  of  solidification,  and  consequently  raises 
the  melting-point  of  the  solid.  The  effect,  however,  is  extremely 
small :  thus  the  solidifying  point  (and  melting-point)  of  spermaceti 
under  the  standard  atmospheric  pressure  is  47.7**,  while  under  a 
pressure  of  156  atmospheres  it  is  raised  to  50.9°. 

With  liquids  that  expand  on  solidification,  increased  pressure  has 
the  opposite  effect,  and  lowers  the  solidifying  point.  Thus,  water 
under  great  pressure  may  be  cooled  below  o""  and  still  remain  liquid  ; 
and  in  the  same  way,  ice  may  be  liquefied  by  increased  pressure 
without  altering  its  temperature.  In  the  case  of  water  it  has  been 
found  that  an  increased  pressure  of  n  atmospheres,  lowers  the  soli- 
difying point  by  aoo74«°  \  hence  under  a  pressure  of  135  atmos- 
pheres, the  freezing-point  of  water  (and  the  melting-point  of  ice) 
is  lowered  x*.  This  lowering  of  the  melting-point  of  ice  under  pres- 
sure may  be  illustrated  by  the  experiment  represented  in  Fig.  17. 
Over  a  block  of  ice  is  slung  a  fine  steel  wire,  to  which  are  hung  a 
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number  of  weights.  The  pressure  thus  exerted  upon  the  ice,  by 
lowering  the  melting-point,  causes  the  ice  to  liquefy  immediuelT 
beneath  the  wire,  which  therefore  gradually  cuts  its  way  tl^rougti 
the  block.  But  as  the  wire  passes  through  the  mass,  each  layer  of 
water  behind  it,  again  resolidifies,  being  no  longer  subject  to.lfce 
increased  pressure ;  hence,  although  the  wire  cuts  its  way  own- 
pletely  through  the  ice,  the  block  still  remains  intact 
Latent  Heat  of  Fusion. — When  a  liquid,  at  a  temperatnit 
above  its  solidifying  point,  is  co) '  ' 
a  thermometer  placed  in  the  li 
indicates  its  loss  of  heat  until  solidi- 
fication  begins.  At  this  point  the 
temperature  remuns  constant  undl 
solidification  is  complete,  when  dK 
thermometer  again  begins  to  &11. 
And  again,  when  a  solid,  at  a  tem- 
perature below  its  melting-pcnnt,  ii 
heated,  its  temperature  rises  unul 
the  melting  begins,  but  no  further 
rise  of  temperature  takes  place  bv 
the  application  of  heat,  until  lique- 
faction is  complete.  The  sensiUe 
heat  that  so  disappears  durin; 
fusion  is  spoken  of  as  the  laltid 
heat  of  fusion.  Just  as  in  the  pii 
sage  of  liquids  into  gases,  this  s( 
called  latent  heat  represents  hat 
that  has  ceased  to  be  heat,  but  which 
[.-|,.   „  is  converted  into  kinetic  energy  tbil 

is  taken  up  by  the  molecules  :  t ' 
the  liquid  passes  back  into  the  solid  state,  this  energy  is  a 
Iransfonueil  into  sensible  heat. 

Ttie  fact  that  heat  is  thus  changed  into  energy,  arid  so  rendemJ 
insensible  to  the  thermometer,  may  be  seen  by  adding  boiling  watei 
to  powdered  ice.  A  thermometer  placed  in  ice  indicates  the  te 
peralure  o",  and  although  boiling  water  is  poured  upon  it,  so  long 
as  any  ice  remains  unmelted  no  rise  of  temperature  of  the  miituit 
results,  the  heat  contained  in  the  boiling  water  being  expended  is 
doing  the  work  of  liquefying  the  ice,  and  converting  it  into  water  u 
o°.  When  such  an  experiment  is  made  more  exactly,  it  is  found  Hut 
I  kili);;ramme  of  water  at  80.35°,  when  mixed  with  I  kilogramnw  ^ 
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ice  at  o*,  gives  2  kilogrammes  of  water  at  o^  That  is  to  say,  the 
amount  of  heat  contained  in  a  kilogramme  of  water  at  80.25'',  is 
exactly  capable  of  transforming  an  equal  weight  of  ice  at  o**  into 
water  at  o*. 

As  the  heat  required  to  raise  the  temperature  of  i  kilogramme  of 
water  from  o*  to  i®  is  the  unit  of  heat,  or  major  calorie ^  we  say  that 
the  latent  heat  of  fusion  of  ice  is  80.25  thermal  units,  or  calories. 

During  the  solidification  of  a  liquid,  the  latent  heat  of  fusion  is 
again  givien  out  The  solidification,  therefore,  only  takes  place 
gradually,  for  the  heat  evolved  by  the  congelation  of  one  portion, 
is  taken  up  by  the  neighbouring  particles,  whose  solidification  is 
thereby  retarded  until  this  heat  is  dissipated.  In  the  case  of  super- 
cooled liquids  and  super-saturated  saline  solutions,  the  solidifica- 
tion takes  place  more  suddenly,  and  the  evolution  of  the  latent  heat 
is  therefore  manifest  by  a  rise  of  temperature. 

ElTeet  of  Substances  in  Solution  upon  the  Solidifyinsr  Point 

of  a  Liquid. — It  has  long  been  known,  that  a  lower  degree  of  cold 
is  necessary  to  freeze  salt  water  than  fresh  ;  and  also  that  the  water 
obtained  by  remelting  ice  from  frozen  sea  water,  is  so  little  salt  as 
to  be  drinkable.    Careful  experiments  have  shown  that  when  an 
aqueous  solution  of  a  salt  is  fix>zen,  pure  ice  alone  separates  out, 
provided  the  solution  is  sufficiently  dilute  to  prevent  the  dissolved 
salt  fh>m  crystallising  out  on  account  of  the  reduction  in  tempera- 
ture.   This  also  holds  in  the  case  of  all  other  solvents  that  are 
capable  of  being  solidified,  the  pure  solidified  solvent  alone  sepa- 
rating when  the  solution  is  frozen.    The  effect  of  dissolved  sub- 
stances in  lowering  the  solidifying  point  of  the  solvent  was  first 
discovered  by  Blagden  (1788),  who  formulated  the  law  that  the 
depression  of  the  freezing-point  of  aqueous  solutions  of  the  same 
substance,  was  proportional  to  the  strength  of  the  solution.    By 
referring  the  lowering  of  the  solidifying  point  to  quantities  of  the 
dissolved  substances  that  were  in  molecular  proportions,  instead  of 
to  equal  weights,  modem  physicists  have  established  the  following 
general  law  :  Solutions  containing  in  equal  volumes  of  the  solvent^ 
quantities  of  dissolved  substances  proportional  to  their  molecular 
-TveightSy  have  the  same  point  of  solidification.* 

The  relations  thus  established  between  the  molecular  weight  of 
^  compound  and  its  influence  in  lowering  the  solidifying  point  of 
^  solvent,  furnishes  a  method  for  the  determination  of  the  molecular 
weight  of  a  substance. 

*  Except  in  the  case  of  electrolytes.     See  page  961 


CHAPTER  XIV 

SOLUTION 

A  SOLUTION  may  be  defined  as  a  homogeneous  mixture  of  eit 
gas,  a  liquid,  or  a  solid,  with  a  liquid,  this  liquid  being  terme 
solvent* 

Substances  that  are  capable  of  forming  such  homogeneous 
tures  with  a  solvent,  are  said  to  be  soluble  in  that  liquid, 
solution  of  matter  in  its  three  states  will  be  treated  separately. 

I.  Solution  of  Gases  in  Liquids.— When  a  gas  is  diss 
by  a  liquid,  the  liquid  is  said  to  absorb  the  gas,  and  althougl 
held  that  most  liquids  are  capable  of  absorbing  most  gases 
greater  or  less  degree,  most  of  the  investigations  in  this  dire 
have  been  made  with  the  two  liquids,  water  and  alcohol,  by  Bu 

The  quantity  of  a  gas  which  a  liquid  is  capable  of  abso: 
depends  upon  four  factors — (i)  the  specific  nature  of  the  li< 
(2)  the  nature  of  the  gas ;  (3)  the  temperature  of  the  liquid 
the  pressure. 

(i.)  The  influence  of  the  solvent  may  be  seen  by  a  comparis 
the  quantities  of  the  same  gas  which  equal  volumes  of  watei 
of  alcohol  are  capable  of  dissolving,  thus— 

TOO  volumes  of  water  at  0°  dissolve  179.6  volumes  of  carbon  dioi 
while  100  ,,  alcohol  ,,  432-9  it  „ 

(2.)  The  various  quantities  of  different  gases  which  the 
liquid  will  absorb  are  found  to  extend  over  a  very  wide  n 

thus — 

100  volumes  of  water  at  o''  dissolve  4-  zz4  volumes  of  oxyg< 

while  xoo  ,,  ,,  ,,  114800.0  ,,  ammc 


*  Mixtures  of  gases  are  sometimes  regarded  as  solutions,  one  gas  bein 
to  be  dissolved  in  the  other.  Gases  also  are  sometimes  spoken  of  as  diss 
liquids  and  solids,  when  liquid  and  solid  substances  directly  vaporis 
them. 
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^y  The  volume  of  any  gas  which  a  liquid  can  absorb,  diminishes 
with  rise  of  temperature.  This  will  be  seen  fix)m  the  following 
table,  where  the  volumes  of  different  gases  are  given  which  100 
Tdumes  of  water  will  absorb  at  various  temperatures. 


1 

1 

Carbon  Dioxide. 

Nitrons  Oxide. 

Oxygen. 

Nitrogen. 

0 

179.6 

130.5 

4." 

1 

2.03 

5 

144.9 

109.3 

3.6a 

1.79 

ID 

1 18.4 

91.9 

3.aS 

Z.60 

■* 

90 

1 

9ax 

67.0 

2.83 

X.40 

It  was  at  one  time  believed  that  the  solvent  power  of  water  for 
bjrdrogen  was  the  same  at  all  temperatures  between  o**  and  25°. 
Recent  experiments  have  shown,  however,  that  there  is  no  excep- 
tion to  the  general  law  in  this  case ;  thus  it  has  been  found  that 
100  volumes  of  water — 

At   o*"  dissolve  2.15  volumes  of  hydrogen. 
At    5'       „       2.06 
At  lo"       „        1.98 
At  20**       „       1.84 
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When  a  solution  of  a  gas  in  water  is  heated,  the  gas  being  less 
soluble  at  the  higher  temperature  is  expelled,  and  in  most  cases 
the  whole  of  the  gas  is  driven  off  at  the  boiling  temperature. 
This,  however,  is  not  invariably  the  case  ;  for  example,  the  solution 
of  hydrochloric  acid  in  water,  when  boiled,  will  distil,  without  further 
evolution  of  gas,  when  a  solution  of  definite  strength  is  reached 
(sec  Hydrochloric  Acid). 

(4.)  The  influence  of  pressure  upon  the  volume  of  a  given  gas 
which  a  liquid  can  absorb,  was  discovered  by  Henry  (1803),  and  is 
known  as  Henry's  law,  namely.  The  volume  of  the  gas  absorbed  by 
a  liquid  is  directly  proportional  to  the  pressure  of  the  gas.  If  the 
pressure  be  doubled,  the  same  volume  of  liquid  will  dissolve  twice 
the  volume  of  the  gas,  the  volume  in  each  ca8e4)£ing  measured 
at  o*  and  760  nmi.  But  since,  according  to  Boyle's,  law,  the 
volume  of  a  gas  is  inversely  as  the  pres^re,  this  law  may  be  thus 
stated  :  A  given  volume  of  a  liquid  will  abhrb  the  same  volume  of 
a  gas  ai  all  Pressures. 
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Thus,  if  loo  volumes  of  water  at  o"  dissolve  2.03  volumes  oi 
nitrogen,  under  the  standard  atmospheric  pressure  (the  volume  of 
the  gas  being  measured  at  o*  and  760  nun.),  under  twice  this 
pressure,  />.,  two  atmospheres,  the  same  volume  will  absorb  twice 
the  volume  of  nitrogen,  viz.,  4.06  volumes  measured  at  o^  and  760 
mm.  But  4.06  volumes  of  gas  measured  at  o**  and  760  mm.  occupy 
2.03  volumes  under  a  pressure  of  two  atmospheres,  therefore  the 
liquid  dissolves  the  same  volume  of  compressed  gas  as  of  gas 
under  ordinary  pressure. 

Henr/s  law  is  sometimes  stated  in  a  slightly  altered  fomL  H 
the  quantity  of  gas  present  in  a  unit  volume  of  both  the  liquid  and 
the  space  above  it,  be  called  the  concentration  of  the  gas,  then  the 
law  may  be  expressed  by  saying  that  under  all  pressures^  the  ratio 
of  the  concentrations  of  the  gas  in  the  liquid^  and  in  the  space  atevt 
ity  remains  constant.  This  ratio  is  termed  the  coefficient  cf  scin- 
bility^  or  the  "  solubility  ^  of  the  gas  in  the  particular  liquid. 

The  term  coefficient  of  absorption^  first  introduced  by  Bunsen,  is 
the  volume  of  the  gas  measured  at  0°  and  760  mm.,  which  is 
absorbed  by  i  cubic  centimetre  of  a  liquid  at  the  same  tem- 
perature and  pressure  ;  and  it  is  therefore  simply  the  volume 
representing  the  "  solubility  "  of  the  gas,  reduced  to  o*. 

The  solubility  of  gases  in  liquids  is  measured  by  agitating  a 
known  volume  of  liquid  with  a  measured  volume  of  the  gas,  under 
dctenninate  conditions  of  temperature  and  pressure.  The  apparatus 
employed  by  Bunsen,  and  known  as  Bunsen's  absorptiometer.  b 
shown  in  Fig.  18.  It  consists  of  a  graduated  tube  e^  into  whidi 
known  volumes  of  the  gas  and  liquid  are  introduced.  The  lower 
end  of  this  tube  is  furnished  with  an  iron  screw,  by  means  of 
which  it  can  be  securely  screwed  down  upon  an^^diarubber  pad, 
in  order  to  completely  close  the  tube  (seen  in*^e  side  figure). 
The  tube  containing  the  gas  and  liquid  under  examination,  is 
lowered  into  a  tall  cylinder  g  g,  in  the  bottom  of  which  is  a 
quantity  of  mercury.  The  cylinder  is  then  filled  with  water,  and 
tlie  cap  p  screwed  down.  The  thermometer  k  registers  the  tem- 
perature. The  apparatus  is  then  briskly  shaken,  in  order  that  the 
liquid  in  the  eudiometer  may  exert  its  full  solvent  action  upon  the 
gas,  and  on  slightly  unscrewing  the  tube  from  the  caoutchouc  pad. 
mercury  enters  to  take  the  place  of  the  dissolved  gas.  The  tube 
is  again  closed  and  the  shaking  repeated,  and  these  operations  aie 
continued  until  no  further  absorption  results.  Finally,  the  vdume 
of  gas  is  measured,  the  temperature  noted,  and  the  pressure 
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ascertained  by  reading  the  position  of  the  mercury  within  the  tnbe, 
and  deducting  the  height  of  the  column  from  b  to  the  sur&ce  of 
the  mercury  a,  from  the  barometric  pressure  at  the  time  of  maldi^ 
the  experiment.  The  temperature  of  the  water  in  the  cylinder 
may  be  varied,  and  the  coefficient  of  absorption  at  difTerent  tem- 
peratures can  thus  be  determined. 

Fig.  19  represents  a  more  modem  absorptiometer,  being  a  modi- 
fied form  of  Heidenhain  and  Meyei^s  apparatus.     In  this  instru- 
ment the  measuring  tube  and  the  absorption  vessel  are  separate,  and 
it  admits  of  the  use  of  much  larger  volumes  of  liquid.     By  means 
of  the  three-way  cock  a,  the  gas  to  be  experimented  upon  is  in- 
troduced into  A  by  first   raising  and 
then  lowering  Bj  and  the  volume  is 
measured  when  the  levels  of  the  mer- 
cury in  A  and  B  are  coincident    By 
means  of  the  three-way   cock  b^  the 
vessel  Cy  of  known  capacity,  and  which 
is  connected  with  A  by  means  of  a  flex- 
ible metal  capillary  tube,  is  filled  with 
the  desired  liquid.   The  vessels  A  and  C 
are  then  put  into  communication,  and 
by  raising  B  and  opening  the  tap  r,  a 
definite  volume  of  the  liquid  is  run  out 
into  a  measuring  vessel,  which  repre- 
sents the  volume  of  gas    that  enters 
The  gas  and  liquid  are  then  thoroughly 
agitated,  after  which  the  gas  is  passed 
back  into  A  by  lowering  B^  and,  when 
A  and  C  are  in  communication,  opening: 
the  tap  c  beneath  mercury.      By  mea- 
suring the  diminution  in  volume  sufTered 
by  the  gas,  the  volume  absorbed  by  the  known  volume  of  liquid  is 
obtained.     The  measuring  tube  and  absorption  vessel  are  kept 
constant  ai   any  desired   temperature,  by  surrounding  them  b)' 
water,  or  with  vapours  at  known  temperatures. 

Solubility  of  Mixed  Gases.— When  two  gases  are  mixed 
tnjrcther,  the  pressure  exerted  by  each  is  the  same  as  would  be 
exerted  if  the  other  were  absent,  and  the  entire  space  were 
occupied  by  the  same  mass  of  the  one.  Thus,  if  a  mixture  of 
two  gases  are  in  the  proportion  of  two  volumes  of  one  and  one 
volume  of  the  other,  the  pressure  exerted  by  the  one*  present  in 


Fig.  19. 
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lai^er  proportion  will  be  twice  as  great  as  that  of  the  other ;  this 
pressure  is  termed  the  partial  pressure  of  the  gas  jander  the 
circumstances,  and  obviously  the  total  pressure  of  ifie  mixture 
will  be  the  sum  of  the  partial  pressures  of  the  constitueMft*  As  the 
solubility  of  a  gas  in  a  liquid  is  proportional  to  the  pressure,  the 
solubility  of  the  gases  in  a  gaseous  mixture  will  be  influenced  by 
the  proportions  in  which  they  are  present  in  the  mixture.  This 
is  known  as  Dalton's  law  of  partial  pressures,  which  may  be  thus 
stated :  The  solubility  of  a  gas  in  a  gaseous  mixture  is  proportional 
to  its  partial  pressure.  For  example,  the  atmosphere  consists  of 
a  mixture  of  oxygen  and  nitrogen,  in  the  proportion  of  four  volumes 
of  nitrogen  to  one  volume  of  oxygen  (in  round  numbers).  The 
partial  pressure  exerted  by  the  oxygen  is  therefore  only  one-fifth  of 
the  total  atmospheric  pressure,  and  consequently  the  amount  of 
oxygen  which  a  given  volume  of  a  liquid  is  capable  of  dissolving 
from  the  atmosphere,  is  only  about  one-fifth  of  that  which  it  will 
absorb  from  pure  oxygen — ^in  other  words,  will  be  one-fifth  the 
absorption  coefficient  of  oxygen  for  that  liquid. 

The  application  of  the  law  of  partial  pressures  will  be  seen  in 
the  solvent  action  of  water  upon  the  atmosphere.     Taking  the 
Coefficients  of  absorption  of  oxygen  and  nitrogen  for  water  as 
given  by  Bunsen-— 

Oxygen  =  .041 14  ;        Nitrogen  =  .02035, 

ind  the  proportion  of  oxygen  to  nitrogen  in  the  air  as  one  to  four, 
»y  volume,  we  get — 

•5^'*  =  .00823,  and  -^^^MJLi  ,  ,,,6,8^ 

br  the  number  of  cubic  centimetres  of  oxygen  and  nitrogen  which 
^11  be  dissolved  ft-om  the  atmosphere,  by  i  cubic  centimetre  of 
rater  at  o*. 

One  hundred  volumes  of  water,  therefore,  will  dissolve  2.451 
olumes  of  air,  of  which  .823  volumes  is  oxygen  and  1.628  volumes 
s  nitrogen  ;  and  if  this  dissolved  air  be  again  expelled  from  the 
i^ater,  by  boiling,  the  air  so  obtained  will  contain  oxygen  and 
itrogen  in  the  proportions — 

Oxygen 33.6 

Nitrogen  66.4 

1 00.0 
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If  a  mixture  of  oxygen  and  nitrogen  in  this  proportion  be  \ 
more  dissolved  in  water,  since  the  percentage  of  oxygen  has  i 
from  20  to  33.6,  and  the  partial  pressure  proportionately  increi 
the  mixture  of  the  two  gases  that  will  be  dissolved,  will  be 
richer  in  oxygen  ;  and  after  solution  in  water  for  the  third  tioM 
boiled-out  air  will  be  found  to  contain  as  much  as  75  per  < 
of  oxygen.  It  will  be  obvious  that  the  partial  pressure  whidi 
termines  the  extent  to  which  the  separate  gases  in  a  mixture 
dissolved,  is  not  represented  by  the  proportion  in  which  the  g 
are  present  before  solution,  but  that  in  which  they-  exist  in 
gaseous  mixture  after  the  solvent  has  become  saturated. 

Henry's  law  does  not  hold  good  in  the  case  of  such  very  sol 
gases  as  ammonia,  hydrochloric  acid,  &c.  These  gases  appes 
enter  into  a  true  chemical  union  with  the  water,  and  in  ma 
these  cases,  the  act  of  solution  is  attended  with  considerate  ei 
tion  of  heat.  In  some  of  these  instances  the  deviation  from 
law  diminishes  with  rise  of  temperature  ;  thus  at  temperat 
above  40"  the  absorption  of  sulphur  dioxide  obeys  the  law,  n 
in  the  case  of  ammonia  conformity  to  the  law  is  observed  at  ic 

The  gases  dissolved  by  a  liquid  are  not  only  expelled  by  boil 
but  are  withdrawn  by  placing  the  solution  in  a  vacuum.  This 
deed,  follows  from  Henry's  law,  for  if  the  solubility  is  proportii 
to  the  pressure,  and  the  pressure  is  nil,  the  amount  of  gas  dissd 
must  also  be  nil. 

The  molecules  of  gas  dissolved  by  a  liquid,  are  regarded  as  b< 
held  by  some  attractive  forces  exerted  between  thenn  and  the  m 
cules  of  the  liquid  ;  in  the  course  of  their  movements,  gas  molec 
are  constantly  leaving  and  entering  the  liquid,  and  equilibria] 
established  when  the  same  number  enter  and  escape  from 
surface  of  the  liquid  in  the  same  time.  When  the  pressure  is 
creased,  more  gas  molecules  strike  the  surface  in  a  unit  of  time, 
consequently  a  greater  volume  is  absorbed-  When  a  solution 
soluble  gas  is  placed  in  an  atmosphere  of  another  gas,  the  dissd 
gas  continues  to  leave  the  liquid,  until  equilibrium  is  estabfis 
between  the  pressure  exerted  by  the  gas  so  leaving,  and  the  amc 
remaining  in  solution.  For  this  reason  a  solution  of  amnM 
when  left  exposed  to  the  air,  rapidly  becomes  weaker,  owin( 
the  escape  of  the  dissolved  gas  into  the  atmosphere.  This  pr« 
is  accelerated  if  a  stream  of  less  soluble  gas  be  caused  to  bal 
through  the  solution. 

Solubility  of  Liquids  in  Liquids.— The  solubility  of  liquid 


.  ■;..  ;-  ni'iv  bo  (':i\:tleil  into  two  orders.  Kirst,  cases  in  wlii(  h  ihc 
dejjree  of  solubility  of  one  in  the  other  is  unlimited  ;  and,  second, 
cases  where  the  extent  of  the  solubility  is  limited.  Two  liquids 
whose  solubility  in  each  other  is  unlimited,  are  said  to  be  tnisciblc 
in  all  proportions ;  thus  alcohol  and  water  arc  capable  of  forming  a 
homogeneous  mixture  when  added  together  in  any  proportion. 

In  the  second  class,  where  the  solubility  of  two  liquids  for  each 
other  is  limited,  it  is  found  that  each  liquid  is  capable  of  dissolving 
some  of  the  other.  Thus,  if  equal  volumes  of  ether  and  water  are 
shaken  together,  the  liquids  will  afterwards  separate  out  into  two 
distinct  layers,  one  floating  upon  the  other.  The  heavier  layer  at 
the  bottom  is  an  aqueous  solution  of  ether,  containing  about  lo  per 
cent  of  ether ;  while  the  upper  liquid  is  an  ethereal  solution  of  water, 
containing  about  3  per  cent  of  water.  The  presence  of  ether 
dissolved  in  the  water  may  be  proved  by  separating  the  two  layers 
and  gently  heating  the  aqueous  liquid  in  a  small  flask,  when  the 
dissolved  ether  will  be  expelled  and  can  be  inflamed.  The  pre- 
sence of  the  water,  in  the  ether,  is  also  readily  proved,  either  by 
introducing  into  the  liquid  a  small  quantity  of  dehydrated  copper 
sulphate,  which  will  rehydrate  itself  at  the  expense  of  the  water  in 
the  ether,  and  be  changed  from  white  to  blue  ;  or  by  placing  in  the 
ediereal  liquid  a  fragment  of  sodium,  which  decomposes  the  dis- 
solved water  with  the  liberation  of  hydrogen. 

If.  most  cases  the  solubility  of  liquids  in  liquids  is  increased  by 

rise  of  temperature,  although  in  some  it  is  decreased.  *    One  notable 

in»*.ance  of  the  latter  effect  of  rise  of  temperature  is  seen  in  the  case 

of  a  mixture  of  triethylamine  and  water.     If  equal  volumes  of  these 

liquids  l^e  mixed  together,  at  a  temperature  below  20',  complete 

solution  takes  place,  and  a  single  homogeneous  liquid  results.     On 

vkamiing  the  solution,  it  becomes  turbid,  owing  to  the  separation  of 

the  liquid  into  two  portions,  which  ultimately  settle  out  as  two  dis- 

lina  layers.     As  the  temperature  of  the  solution  approaches  20^,  the 

liquid  becomes  very  sensitive  to  a  slight  rise  of  temperature,  the 

heat  of  the  hand  being  sufficient  to  cause  turbidity  in  the  solution. 

Solution  of  Solids  in  Liquids.— When  a  solid  is  immersed  in 

a  liquid,  the  forces  which  oppose  the  solution  of  the  solid  are  the 

attractive  forces  exerted  by  the  molecules  of  the  solid  upon  each 

other,  and  those  of  the  liquid  upon  themselves.     The  forces  that 

tend  to  efTect  solution   are   the  attractive  forces  exerted  by  the 

•Sec  Experiments,    Nos.  123  to  128,  "Chemical  Lecture  lixpaiincnis,'* 
j>  tbe  author. 
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molecules  of  the  liquid  upon  the  molecules  of  the  solid,  and  th 
kinetic  energy  of  the  molecules. 

By  the  action  of  the  liquid,  the  attractive  force  between  the  mdb- 
cules  of  the  solid  is  diminished,  and  those  molecules  nearest  Ae 
surface,  by  their  own  energy  and  the  attraction  exerted  by  Ae 
liquid,  pass  into  and  through  the  liquid.  In  the  course  of  thdr 
movements,  these  sometimes  return  to  the  solid,  and  a  conditiai 
of  equilibrium  is  finally  established,  when  as  numy  molecules  leaic 
the  surface  of  the  solid  as  return  to  it  in  a  given  time.  Under  these 
circumstances  the  solution  is  said  to  be  saturated  with  respect  to 
the  particular  solid. 

Saturated  Solutions.— The  amount  of  solid  held  in  sdutioo  bf 
the  liquid  when  the  latter  is  saturated,  depends  upon  the  tempeia- 
ture,  for  if  the  temperature  be  raised,  the  kinetic  energy  of  tbe 
molecules  is  increased,  and  consequently  an  increased  number  wi3 
become  detached  from  the  solid.  As  a  general  rule,  therefore^  Ae 
solubility  of  a  solid  in  a  liquid  is  increased  by  rise  of  tempeFatmCi 
A  saturated  solution  at  a  given  temperature  may  be  obtained  is 
two  ways,  namely,  by  maintaining  the  liquid  at  that  temperatoR 
and  stirring  into  it  an  excess  of  the  solid,  until  no  more  of  it  is  dis- 
solved ;  or  by  dissolving  a  larger  quantity  of  the  solid  at  a  higher 
temperature,  and  allowing  the  solution  to  stand  in  contact  with  an 
excess  of  undissolved  solid,  until  the  temperature  falls  to  the  q)edfiei! 
point  During  the  cooling,  the  amount  of  solid  that  the  liquid  bai 
taken  up,  over  and  above  that  which  was  necessary  to  saturadoo 
at  the  lower  temperature,  is  deposited. 

Supersaturated  Solutions.— The  condition  of  saturation  cai 
only  be  determined  when  an  excess  of  the  undissolved  solid  is 
present  in  the  liquid  ;  for  when  a  solution,  which  is  not  in  contac 
with  any  of  the  undissolved  solid,  is  brought  to  the  point  of  saton- 
tion,  either  by  cooling  or  by  evaporation  of  the  liquid,  it  freqneniV 
happens  that  no  separation  of  solid  takes  place.  Solutions  can  ia 
this  way  be  obtained,  in  which  a  larger  amouftt  of  the  solid  remain 
dissolved  at  a  given  temperature,  than  corresponds  to  the  amoua: 
required  to  form  a  saturated  solution  at  that  temperature :  soc& 
solutions  are  said  to  be  supersaturated.  If  into  such  a  supeisatn- 
rated  solution,  a  fragment  of  the  solid  be  introduced,  molecoks  i 
the  dissolved  solid  at  once  deposit  themselves  upon  it,  anddii 
separation  of  the  dissolved  substance  continues,  until  the  solndoi 
reaches  a  state  of  concentration  corresponding  to  its  normal  satm- 
tion  at  the  particular  temperature.     The  introduction  into  a  np' 
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mated  solutioD  of  a  psrtide  of  the  sobd,  in  respect  to  which  the 
ntion  is  supersatuiated,  is  the  only  stire  method  of  bringing' 
mt  the  separation  of  the  excess  of  the  dissolved  substance  ;  such 
oludon,  therefore,  may  be  preserved  for  an  indefinite  time,  if  it  be 
;» in  an  hermetically  sealed  vessel     Minute  particles  of  the  solid. 
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ards  which  a  solution  is  supersaturated,  that  might  be  present 
lie  dust  of  the  air,  faUing  into  such  a  solution,  will  determine 
deposition  of  the  dissolved  solid, 
"be  phenomenon  of  supe saturation  is  sitictly  analogous  to  that 
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of  supercooling,  or  the  suspended  solidification  of  fused  solids,  and 
is  exhibited  most  readily  by  salts  containing  water  of  crystallisatioo, 
such  as  sodium  acetate,  NaCsHjO^jdH^O ;  sodium  thiosulphate, 
Na^SsO^SHsO ;  and  sodium  sulphate,  NasSO4,10H,O.  Thus,  if 
a  small  quantity  of  water  be  poured  into  a  flask  nearly  filled  with 
crystallised  sodium  thiosulphate  (the  so-called  "Hypo"  of  the 
photographer),  and  the  mixture  be  warmed  by  immersion  in  hot 
water,  the  whole  of  the  salt  will  dissolve  ;  and  if  the  solution  be 
then  allowed  to  cool  undisturbed,  it  will  assume  the  ordinary  tem- 
perature, and  still  remain  fluid.  If  into  this  supersaturated  solution 
a  crystal  of  the  salt  be  dropped,  the  excess  of  salt  present  in  solution, 
beyond  the  normal  quantity  for  saturation  at  that  temperature,  will 
crystallise  out,  and  so  great  is  this  excess  that  the  contents  of  the 
flask  will  appear  practically  solid. 

The  different  solubility  of  various  solids  in  the  same  liquid,  and 
the  increased  solubility  by  rise  of  temperature,  is  graphically  shown 
in  Fig.  20,  where  the  solubility  curves  of  five  salts  in  water  are 
represented.  The  abscissae  indicate  temperatures,  and  the  ordi- 
nates  the  number  of  parts  of  salt  dissolved  by  100  parts  of  water. 

Thus  at  o",  100  grammes  of  water  will  dissolve  35.7  parts  ol 
sodium  chloride,  and  as  the  temperature  is  raised,  the  quantity  ot 
salt  which  the  water  will  dissolve  very  slowly  increases,  until  at  100' 
the  amount  is  nearly  40  parts  :  sodium  chloride  is  therefore  nearly 
equally  soluble  in  water  at  all  temperattu-es. 

In  the  case  of  potassium  nitrate,  100  grammes  of  water  at  o"  will 
only  dissolve  13.3  grammes  of  the  solid,  but  as  the  temperature 
rises  the  amount  capable  of  being  dissolved  by  this  quantity  ol 
water  very  rapidly  increases,  until  at  75°  1 50  granunes  are  dissolved. 
Lead  nitrate  is  more  soluble  than  potassium  nitrate  between  o"  and 
50",  but  above  this  point  it  is  not  so  soluble  as  the  other,  hence  the 
two  curves  intersect  at  that  temperature.  The  solubility  of  sodium 
sulphate  in  water  is  anomalous.  The  solubility  at  first  rapidly 
increases  with  rise  of  temperature  from  o**,  and  reaches  a  maximum 
at  a  point  between  33"  and  34*,  when  it  gradually  diminishes  with 
further  rise  of  temperature.  This  behaviour  is  in  reality  due  to  the 
fact  that  we  are  not  dealing  with  one  and  the  same  substance 
throughout  the  experiment  Sodium  sulphate  exists  as  a  solid  in 
at  least  three  forms,  namely,  the  decahydrate,  Na^SOiflOHiO 
(ordinary  Glauber's  salt) ;  the  heptahydrate,  Na^SOfyTH^O  ;  and 
the  anhydrous  salt,  Na,S04.  The  first  portion  of  the  curve  (Fig.  21] 
represents  the  solubility  of  Glauber's  salt ;  thus,  at  20*  such  an 


Solution 


133 


aunt  of  this  decahydrared  salt  is  dissolved,  that  the  solution 
itains  3ogniiimes  of  Na^O,  to  100  grammes  of  water.  The 
ability  of  thb  salt  rapidly  rises  until  34°  is  readied,  at  which 
■penture  the  salt  melts,  and  is  then  miscible  witli  water  in  all 
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ipOTtions.     The  melted  salt  contains  78.8  parts  of  Na,S04  in 
)  parts  of  water,  which  is  indicated  as  the  highest  point  upion 
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The  decahydiated  salt  is  unable  to  exist,  as  such,  at  temperatures 
;ber  than  34°,  and  when  the  melted  salt  is  healed  above  this 
tnt  it  is  converted  into  the  anhydrous  salt,  and  water  satu- 
ted  with  the  salt ;  therefore  above  34°  it  is  not  possible  to  have 
solution  of  sodium  sulphate  in  contact  with  solid  Glauber's 
It  It  can,  however,  be  in  contact  with  the  anhydrous  sail,  and 
e  Mcond  portion  of  the  caive  expresses  the  solubility  of  ftiw 
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Osmotic  Fressure.  —When  a  dilute  solution  of  a  substance  in 
water  is  placed  in  a  vessel  closed  with  an  animal  membrane,  sudi 
as  bladder  (m,  Fig.  ii\  and  the  whole  is 
immened  in  water  to  such  a  depth  that 
the  level  of  the  water  outside  is  coincident 
with  that  of  the  solution  within,  it  is  found 
that  the  liquid  in  the  inner  vessel  in- 
creases in  volume,  as  seen  by  the  fact  that 
it  gradually  rises  in  the  narrow  stem  of 
the  apparatus.  Water,  therefore,  from  the 
outer  vessel  must  have  passed  in  through 
the  membiane,  and  inasmuch  as  some  of 
the  dissolved  substance  is  found  in  the 
water  of  the  outer  vessel,  some  of  the 
solution  must  at  the  same  time  have  made 
its  escape  throi^h  the  membrane.  After 
the  liquid  has  risen  to  a  certain  height  in 
the  narrow  tube,  it  again  begins  to  fall,  as 
the  contained  solution  continues  to  pene- 
trate the  membrane.  This  process  is 
known  as  tndosmose,  and  the  instnunent 
described  is  called  an  endosmometer. 

Many  attempts  were  made  to  establish 
general  relations  between  the  height  to 
which  the  liquid  rose  in  the  narrow  tube, 
and  the  quantities  of  substance  in  the  solution,  but  it  was  found 
impossible  to  obtain  accurate  or  comparable  measurements,  foi 
not  only  were  the  results  disturbed  by  the  effect  of  the  constantly 
changing  pressure  upon  the  rate  at  which  the  dissolved  substance 
escaped  through  the  membrane,  but  difTerent  animal  membranes 
yielded  different  results. 

Semipermeable  Membnuies.— It  was  first  discovered  by 
Traube  (1867),  and  afterwards  extended  by  PfefTer  (1877),  that 
artificial  membranes,  or  pellicles,  could  be  obtained,  which,  while 
allowing  of  the  passage  of  water  through  them,  just  as  in  the  case 
of  animal  membranes,  unlike  these  materials,  they  offered  a  perfect 
barrier  to  the  passage  of  many  substances  in  solution  in  the  water. 
Such  pellicles  are  known  as  semipermeable  membranes.  The 
material  that  has  been  found  most  suitable  is  precipitated  copper 
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uiide.  If  a  solution  of  copper  sulphate  (CuSOJ  be  brought 
ily  in  contact  with  a  solution  of  potassium  ferrocyanide 
:N)^ at  the  point  where  the  two  liquids  meet,a  film  or  pellicle 
ipitated  copper  ferro-  ,-. 
:  (Cu^e(CN)y)  i>  pro-        | 

In  order  to  make  use 
extremely  &agile  mem- 
?ficfler  devised  the  plan 
ipitatin;  it  within  the 
r  a  vessel  made  of  un- 
mrcelain.  A  small  day 
cal  cell,  after  thorough 
ig,  was  filled  with  a  dilute 
I    of  potassium    ferro- 


lulphate.  Asthesesolu- 
Utatd  the  poies  of  the 
id  there  met,  a  mem- 
consisting'  of  copper 
inide,  was  formed  within 
ts,  which,  under  these 
Unces^  was  sufficiently 
a  withstand  a  pressure 
S  atmospheres. 
•h  a  cell,  fiimished  with 
stmeable  membrane,  be 
k1  as  an  endosmometer, 
dilute  solution,  say  of 
be  placed  within  the 
OS,  which  is  then  im- 
in  water,  it  is  found 
e  liquid  rises  in  the 
tube  to  a  certain  height 
he  level  of  the  water  in 
.ide  vessel,  and  remains 
lary.  Water  passes 
I  the  membrane,  but  no 
:d  substance  passes  out  IPiq.  3^. 

more  water  penetrates 

^  than  passes  out,  hence  the  increased  volume  of  Ui\uid  ir 
i.i  but  when  a  certain  prcsswx  i&  reached,  teprcsealc^  ^ 
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poured  a  quantity  of  water  until  the  cylinder  is  nearly  full.  Upon  the 
top  of  the  water  is  then  floated  a  solution  of  potassium  thioqranate 
in  alcohol,  and  the  whole  is  allowed  to  remain  undisturbed.  The 
ferric  chloride  will  gradually  diffuse  up  into  the  water,  and  the  dis- 
solved thiocyanate  will  diffuse  down,  and  at  the  point  where  these 
salts  meet  they  will  interact  chemically  upon  each,  giving  rise  to 
a  blood-red  coloured  solution,  which  will  appear  as  a  ring  about 
midway  down  the  cylinder. 

This  phenomenon  of  the  diffusion  of  dissolved  substances,  is 
strictly  comparable  with  the  diflusion  of  gases,  although  in  the 

former  case  the  operation  proceeds  with  ex- 
treme slowness.  The  force  which  impels  the 
molecules  of  dissolved  substances  to  diffuse,  is 
the  osmotic  pressure  of  the  substance  in  solu- 
tion. 

The  extension  of  the  gaseous  laws  into  the 
domain  of  solutions,  necessitates  the  hypothesis 
that  in  the  case  of  some  solutions  the  mole- 
cules of  the  dissolved  substance  unite  to  form 
more  complicated  molecular  associations  ;  while 
in  other  cases  (including  those  substances  which 
are  electrolytes,  such  as  the  solutions  of  strong 
acids,  bases,  and  salts)  the  molecules  of  the  sub- 
stances undergo  dissociation  into  their  ions  (see 
Electrolysis,  page  93).  For,  just  as  in  the  case 
of  gases,  where  departures  from  the  strict  gas- 
eous laws  are  seen  to  take  place,  on  account  of 
the  dissociation  in  some  instances,  and  the  asso- 
ciation  in  others,  of  the  various  molecules ;  so 
it  is  believed  that  the  deviations  from  the  strict 
continuity  of  the  ideal  gaseous  laws  into  the  realm  of  solution,  are 
due  to  the  operation  of  similar  causes. 


Fig.  24, 


Crystalline  Forms. 

When  a  saturated  solution  of  a  solid  in  a  liquid,  is  either  cooled 
or  allowed  to  evaporate,  the  dissolved  solid  begins  to  deposit, 
and  it  does  so  in  most  cases  in  definite  geometric  shapes,  termed 
crystals.  (Solids  which  exhibit  no  crystalline  structure  are  said  to 
be  amorphous,) 

The  same  arrangement  of  molecules  into  geometric  forms  often 
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B  place  when  substances  in  a  state  oi  fusion  (as  distinguished 
sointion)  pass  into  the  solid  condition,  as,  for  example,  when 
ed  sulphur,  or  mercury,  or  water,  are  cooled  to  their  respective 
Hying  p(Mnt8 ;  and  it  also  frequently  takes  place  when  vapours 
lense  to  the  solid  state. 

le  more  slowly  the  process  of  solidification  takes  place,  and 
arger  and  more  synunetrical  are  the  crystals  that  are  formed, 
be  variety  of  geometric  forms  that  are  met  with  in  naturally 
ning,  and  artificially  produced,  crystals  is  practically  infinite. 
f  are,  however,  susceptible  of  a  classification,  based  upon  their 
lojHnent  with  respect  to  certain  imaginary  planes,  (^led  the 
«r  of  symmetry.  These  are  planes  cut  through  the  crystal  in 
.  a  manner,  that  the  divided  portions  are  the  mirrored  reflec- 
I  the  one  of  the  other,  the  mirror  being  the  plane  itself  All 
tals  may  be  referred  to  one  or  other  of  six  great  femilies, 
cding  to  their  synmietry,  known  as  crystallographic  systems. 

I.  The  Regular  system.  Crystals  belonging  to  this  system 
have  nine  planes  of  symmetry,  namely,  three  principal 
planes  at  right  angles  to  each  other,  and  six  others  which 
intersect  one  another  at  angles  of  6o^  Forms  of  this 
system  (such,  for  example,  as  the  cube)  possess  the  highest 
possible  order  of  symmetry. 

[.  The  Hexagonal  system.  Crystals  having  seven  planes  of 
symmetry,  namely,  one  principal  plane,  normal  to  a 
vertical  axis  in  the  crystal,  and  six  other  planes  at  right 
angles  to  the  principal  plane,  and  intersecting  each  other 
at  angles  of  30*. 

I.  The  Quadratic  system.  Embracing  crystals  having  five 
planes  of  synunetry,  namely,  one  principal  plane,  normal 
to  a  vertical  axis  in  the  crystal,  and  four  other  planes  at 
right  angles  to  the  principal  plane,  and  intersecting  each 
other  at  angles  of  45*. 

7.  The  Rhombic  system.  Including  crystals  having  three 
planes  of  symmetry  at  right  angles  to  each  other. 

/.  The  Monosymmetric  or  Monociinic  system.  CVystals  with 
only  one  plane  of  symmetry. 

I.  The  Asymmetric  or  Triclinic  system.  Including  crystals 
which  have  no  plane  of  symmet ry.  The  forms  be\oii^\tv^  \o 
this  system,  having  symmetry  with  respect  to  ^  point  otiVj, 
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This  system  of  classification  brings  the  various  crystalline  forms 
into  direct  relations  with  many  of  the  physical  properties  possessed 
by  crystals,  such,  for  example,  as  their  optical  characters  :  thus,  in 
the  Regular  system,  the  crystals  in  their  normal  condition  are 
singly  refracting  crystals — ^they  are  said  to  be  isotropic.  In  the 
Hexagonal  and  QjuadraHc  systems  they  are  optically  unicunal; 
while  in  the  .Rhombic^  Monosymmetric^  and  Asymmetric  systems 
they  are  all  optically  biaxial. 

All  crystals  may  be  regarded  as  derivations  from  certain  typical 
forms  belonging  to  one  of  these  six  systems.*  One  of  the  simplest 
forms  of  each  system  is  the  double  pyramid,  which  in  the  hexagonal 
system  takes  the  shape  of  a  double  six-sided  pyramid,  and  in  the 
remaining  systems  that  of  a  double  four-sided  pyramid,  or  octa- 
hedron. Thus  we  have  the  regular  octahedron,  the  quadratic 
octahedron,  the  rhombic  octahedron,  and  so  on. 

By  the  development  of  certain  related  feces,  the  octahedron  passes 
into  the  prism,  hence  we  get  the  quadratic prismy  the  r^m^Vprism) 
the  hexagonal  prism,  &c.  It  will  be  obvious,  therefore,  that  the 
description  of  a  crystal  as  \mtig  prismatic^  or  octahedral^  in  form, 
is  incomplete  unless  the  particular  system  to  which  it  is  referred  be 
also  stated. 

Crystals,  whether  naturally  occurring  or  artificially  obtained,  very 
seldom  exhibit  the  perfect  symmetry  of  the  ideal  form.  By  great 
care,  however,  in  regulating  the  formation  of  a  crystal,  by  the 
maintenance  of  a  constant  temperature,  and  controlling  the  rate  of 
evaporation  of  the  solvent,  it  is  possible  to  cause  crystals  to  grow 
in  such  a  way,  that  they  will  approach  very  closely  to  the  ideal 
geometric  form.  Fig.  i4ot  represents  crystals  of  alum,  in  the  form 
of  regular  octahedra,  or  double  four-sided  pyramids,  which  were 
obtained  by  careful  crystallisation  from  aqueous  solution ;  and  it 
will  be  seen  how  near  to  the  ideal  they  approach.  In  Fig.  io6,t 
also,  are  seen  illustrations  of  crystals  of  sulphur,  in  the  form  of 
rhombic  octahedra.  These  crystals  were  produced  by  the  carefully 
controlled  deposition  of  the  sulphur,  from  a  solution  of  the  element 
in  carbon  disulphide,  and  they  illustrate  the  kind  of  variations  in 
the  form  that  are  introduced  by  the  development  of  new  faces. 
Fig.  141 1  shows  a  group  of  naturally  occurring  crystals,  namely, 

*  The  study  of  the  relations  between  the  various  derivatives,  and  the  simpler 
types,  forms  a  part  of  the  science  of  crystallography,  and  falls  outside  the  scope 
of  a  general  chemical  text-book. 

t  From  a  photograph  of  the  actual  crystals. 
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quartz,  in  the  form  of  hexagonal  prisms,  terminating  in  hexagonal 
pyramids. 

In  order  to  determine  the  system  to  which  a  given  crystal  be- 
longs, it  b  necessary  to  make  a  number  of  accurate  measurements 
of  its  angles,  and  since  the  inclinations  of  the  faces  to  one  another 
bear  geometric  relations  to  the  planes  of  symmetry,  and  the  inclina- 
tions of  these  planes  towards  each  other,  Uiese  latter  may  be  calcu- 
lated from  the  former  values.  The  instruments  by  means  of  which 
such  meastues  are  made  are  termed  goniometers. 

Two  or  more  substances  which  crystallise  in  the  same  form  are 
said  to  be  isomorphous  (see  page  49),  and,  on  the  other  hand,  a 
substance  which  is  capable  of  crystallising  in  two  forms  which  do 
not  belong  to  the  same  system,  is  termed  a  dimorphous  substance 
Thus  sulphur  is  dimorphous,  as  it  is  capable  of  crystallising  in  the 
form  of  rhombic  octahedra  (Fig.  106),  and  in  monosymmeiric  prisms 
(Fig.  107). 

Occasionally  a  dimorphous  substance  is  isomorphous  with  another 
dimorphous  body,  in  both  its  forms.  To  this  double  isomorphism 
the  term  isodimarphism  is  applied. 


CHAPTER  XV 

THERMO-CHBMISTRY 

We  have  seen  that  by  means  of  symbols  and  formulae  chemists 
express,  in  the  form  of  equations,  a  certain  amount  of  information 
respecting  chemical  changes  :  thus  by  the  equation  C  +  O^  =  C0| 
there  are  conveyed  the  facts,  that  carbon  unites  with  oxygen  to 
form  carbon  dioxide,  that  12  grammes  of  carbon  combine  with  32 
grammes  of  oxygen,  yielding  44  grammes  of  carbon  dioxide,  and 
that  the  volume  of  the  gaseous  carbon  dioxide  obtained  is  the  same 
as  that  of  the  oxygen  taking  part  in  its  formation.  All  such 
equations  bear  upon  the  face  of  them  the  truth,  that  matter  can 
neither  be  destroyed  nor  created.  The  total  quantity  of  matter 
taking  part  in  the  action  is  unaltered  by  the  process,  although  it 
appears  in  altered  form  in  the  products  of  the  reaction. 

In  all  chemical  changes,  besides  matter,  energy  also  takes  a 
part;  not  only  do  the  materials  concerned  undergo  rearrangement, 
or  readjustment,  but  at  the  same  time  there  is  a  rearrangement  or 
readjustment  of  energy.  This  energy  change  is  not  expressed  by 
the  ordinary  symbolic  equation.    Thus  in  the  equation — 

SO,  +  HjO  =  HjS04 

the  fact  is  embodied  that  80  grammes  of  sulphur  trioxide,  combine 
with  18  grammes  of  water,  and  form  98  grammes  of  sulphuric  acid  ; 
but  the  equation  takes  no  cognisance  of  the  fact,  that  when  these 
weights  of  these  two  substances  unite  to  form  98  granmies  of  sul- 
phuric acid,  an  amount  of  energy,  in  the  form  of  heat,  is  disengaged 
that  would  raise  the  temperature  of  213  grammes  of  water  from  o* 
to  the  boiling-point. 

Similarly,  in  the  equation  2NCI3  =  Nj  +  3CI2  there  is  no  recogni- 
tion of  the  fact,  that  during  this  change  an  enormous  amount  of 
energy  leaves  the  system  in  the  form  of  external  work, — (over- 
coming the  atmospheric  pressure) ;  in  other  words,  that  the  con- 
version of  nitrogen  trichloride  into  its  constituent  elements  is 
attended  with  the  most  violent  explosion. 

»4« 
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Energy,  like  matter,  can  neither  be  created  nor  destroyed,  but  as 
a  result  of  chemical  action  it  reappears  as  energy  in  another  form. 
Thus  it  may  appear  as  heat,  as  electrical  energy,  as  kinetic 
energy,  or  as  chemical  energy ;  and  just  as  the  totaJ  amount  of 
matter  taking  part  in  a  chemical  change,  reappears  in  altered  form 
in  the  products  of  the  change,  so  the  disappearance  of  energy  in 
any  of  its  forms,  gives  rise  to  the  reappearance  of  a  proportionate 
amount  of  energy  in  another  form.  Tliis  is  the  law  of  the  conserva- 
turn  of  energy^  which  may  be  thus  stated :  *  "  The  total  energy  of  any 
maierial  system^  is  a  quantity  which  can  neither  be  increased  nor 
diminished  by  any  cutian  between  the  parts  of  the  system^  although 
it  may  be  transformed  into  any  of  the  forms  of  which  energy  is 
susceptible!^ 

Chemical  energy,  or  that  form  of  energy  that  is  set  free  during 
chemical  processes,  cannot  be  measured  by  any  direct  method. 
Thb  energy,  however,  is  generally  transformed,  during  chemi- 
cal change,  into  heat,  and  may  therefore  be  measured  by,  and 
expressed  in,  heat  units.  Thermo-chemistry  may  therefore  be 
defined  as  the  science  of  the  thermal  changes  which  accompany 
chemical  changes. 

All  matter  is  regarded  as  containing  a  certain  amount  of  energy 
in  some  form,  and  the  purpose  of  thermo-chemistry  is,  by  measur- 
ing the  thermal  disturbance  that  is  conditioned  by  a  chemical 
change,  to  ascertain  the  difference  between  the  amount  of  energy 
contained  in  a  system  before  and  after  such  a  change. 

If  all  the  energy  of  a  system  in  its  original  state  (/>.,  before  the 
diemical  change  takes  place)  that  undergoes  transformation  into 
other  forms  of  energy,  passes  into  heat ;  if  none  of  it  leaves  the 
system  as  energy  in  some  other  form,  and  thereby  escapes  mea- 
surement; dien  the  difference  between  the  amount  of  energy 
contained  in  the  system  in  its  original  and  its  final  state  may  be 
ascertained.  It  by  no  means  follows,  however,  that  this  represents 
the  chemical  energy  alone :  it  has  already  been  explained  that 
chemical  changes  are  always  attended  by  physical  changes,  such 
as  change  of  volume,  of  physical  state,  and  so  on,  and  we  have 
also  learned  that  such  physical  changes  are  likewise  accompanied  by 
thermal  changes ;  the  problem,  therefore,  is  often  a  complicated  one, 
and  it  is  not  always  possible  to  differentiate  between  the  chemical 
and  the  physical  causes  that  may  be  operating  simultaneously,  and 

•  Ckrk  MaxweU,  "Matter  and  Motion." 
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to  decide  what  share  of  the  final  result  is  due  to  the  chemical  phase 
of  the  change,  and  what  to  the  physical  change  that  simultaneously 
takes  place. 

As  an  illustration  of  the  complex  nature  of  chemical  reactions 
when  considered  from  a  thennal  standpoint,  and  of  the  disturbing 
effect  of  the  accompanying  physical  changes,  we  may  take  the  case 
of  the  action  of  aqueous  hydrochloric  add,  upon  crystallised  sodium 
sulphate,  Na^OiylOHsO-- 

Na,SO4,10H,O  4-  2HC1  =  2NaCl  4-  H^O^  +  10H,O. 

The  chemical  action  here  consists  of  (i)  the  decomposition  of 
sodium  sulphate,  (2)  the  decomposition  of  hydrochloric  acid,  (3) 
the  formation  of  sodium  chloride,  (4)  the  formation  of  sulphuric 
add.  Heat  is  absorbed  by  the  first  two  portions  of  the  action,  and 
heat  is  evolved  by  the  other  two.  The  physical  changes  indude 
the  passage  of  ten  molecules  of  water  of  crystallisation  (/>.,  solid 
water)  into  liquid  water,  and  the  solution  of  sodium  chloride  in 
water.  These  changes  are  attended  with  absorption  of  heat,  and 
the  net  result  of  the  entire  change  is  the  disappearance  of  a  con- 
siderable amount  of  heat,  that  is  to  say,  the  thermal  value  of  the 
reaction  is  a  negative  quantity. 

The  methods  adopted  in  order  to  express  thermo- chemical 
reactions  are  quite  simple.  The  ordinary  chemical  symbols  and 
formulae  are  used,  and  represent,  in  all  cases,  quantities  in  grammes 
corresponding  to  the  formula-weights  of  the  substances.  Thus  CI 
represents  35.5  grammes  of  chlorine  ;  H2O  stands  for  18  grammes 
of  water,  and  so  on.  The  chemical  equation  is  followed  by  a 
number  representing  the  quantity  of  heat,  expressed  in  heat  units, 
which  is  either  produced,  or  which  disappears  as  a  result  of  the 
change.  The  unit  of  heat  is  the  calorie^  or  the  quantity  of  heat 
that  is  capable  of  raising  the  temperature  of  i  gramme  of  water  from 
o'  to  1°.  Sometimes  the  unit  employed  is  the  quantity  of  heat 
required  to  raise  i  gramme  of  water  from  o'  to  100",  and  this  unit 
(whidi  is  100  times  greater  than  the  calorie)  is  indicated  usually 
by  the  letter  K.  When  heat  is  produced  by  a  chemical  change, 
the  sign  +  is  placed  in  front  of  the  number  of  units,  and  when 
heat  disappears,  the  fact  is  indicated  by  the  sign  - . 

Thus  the  equation — 

Hj  4-  CI,  =  2HC1  4-  44,000  cal. 
cr  H,  4-  CI,  -  2HC1  4-  440  K, 
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means  that  when  2  grammes  of  hydrogen  combine  with  71 
giammes  of  chlorine  to  form  gaseous  hydrochloric  acid,  heat  is 
disengaged  to  the  amount  of  44,000  calories,  or  440  of  the  larger 
ornts^  K.  Or,  in  other  words,  that  when  these  quantities  of  these 
sobstances  combine,  an  amount  of  energy  is  lost  to  the  system, 
icpresented  by  44,000  calories.  Therefore  the  energy  possessed 
by  2  giammes  of  hydrogen  and  71  grammes  of  chlorine  is  greater 
than  that  possessed  by  73  grammes  of  hydrochloric  add  gas  by  an 
amount  which  is  represented  by  44,000  gram-units  of  heat.  Hence 
Ae  equation  may  be  written — 

8HC1 »  H|  +  CI,  -  44,000  cal. 

which  signifies  that  when  73  grammes  of  gaseous  hydrochloric  acid 
are  decomposed  into  chlorine  and  hydrogen,  \i  is  necessary  to 
supply  an  amount  of  eneigy  equal  to  44,000  calories. 

In  order  to  indicate  the  state  of  aggregation  of  the  different  sub- 
stances, the  method  introduced  by  Ostwald  consists  in  the  use  of 
different  type,  thick  type  being  employed  to  denote  solids,  ordinary 
type  indicating  liquids,  and  italics  signifying  gases,  thus— 

0  +  0|  -  COf  -H  97,000  cal. 

means  that  the  total  energies  of  12  grammes  of  solid  carbon  and 
32  grammes  of  gaseous  oxygen  is  greater  than  the  energy  pos- 
sessed by  44  grammes  of  gaseous  carbon  dioxide  by  an  amount 
equivalent  to  97,000  calories. 
Or,  again,  the  equation — 

SQt  +  H,0  =  HjS04  4-  21,320  cal. 

signifies  that  80  grammes  of  solid  sulphur  trioxide  unites  with  18 
grammes  of  liquid  water,  and  forms  98  grammes  of  liquid  sulphuric 
add*  with  the  liberation  of  21,300  gram-units  of  heat. 

Similarly  the  heat  evolved  by  the  passage  of  water  into  ice,  and 
the  heat  that  disappears  when  water  passes  into  steam,  may  be 
opressed  by  the  equations — 


H^O  a  HsO  +  1440  cal 
H,0  =  H^O  -  9670  cal. 


when  water  takes  a  direct  part  in  the  chemical  change,  as,  iox 

K 
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example,  in  the  action  of  sulphur  trioxide  and  water  already  quoted, 
the  formula  represents  a  gram-molecule  just  as  in  all  other  cases ; 
but  where  the  presence  of  a  large  quantity  of  water  affects  the 
thennal  result  of  the  chemical  change,  by  exerting,  for  example,  a 
solvent  action,  the  symbol  Aq  is  employed*  to  signify  that  the  pre- 
sence of  the  water  is  considered  in  the  thermal  expression. 
Thus  the  expression — 

HBr  +  Aq  =  HBrAq  +  19,900  cal. 

signifies  that  when  81  grammes  of  gaseous  hydrobromic  acid  are 
dissolved  in  a  large  excess  of  water,  19,900  calories  are  evolved. 
Again,  the  equation — 

//,  +  Br^  +  Aq  =  SHBrAq  +  64,000  caL 

means  that  when  160  grammes  of  gaseous  bromine  combine  with 
2  grammes  of  hydrogen,  and  the  product  is  dissolved  in  an  excess 
of  water  (/>.,  such  a  quantity  of  water  that  no  thermal  change  is 
produced  by  the  addition  of  any  further  quantity),  64,000  calories 
are  disengaged.  Of  this  64,000  calories,  19,900  x  2  =  39,800  are 
due  to  the  solution  of  the  twice  81  grammes  of  hydrobromic  acid, 
and  the  difference,  viz.,  24,000  calories,  represent  the  heat  produced 
by  the  combination  of  2  grammes  of  hydrogen  with  160  granunes 
of  bromine. 

If  water  is  formed  as  one  of  the  products  of  the  chemical  reaction 
taking  place  in  the  case  of  substances  in  aqueous  solution,  such  as 
when  a  solution  of  hydrochloric  acid  is  added  to  a  solution  of 
sodium  hydroxide,  HCl  +  NaHO  =  NaCl  +  H,0,  as  the  water  so 
produced  simply  mixes  with  the  water  in  which  the  materials  are 
dissolved,  without  producing  any  thermal  effects,  it  is  usually 
neglected  in  energy  equations.  Thus  the  above  action  may  be 
expressed — 

HClAq  +  NaHOAq  =  NaClAq  +  13,736  caL 

The  heat  that  is  produced,  or  that  disappears,  in  a  chemical 
change  which  results  in  the  formation  of  a  particular  compound, 
is  termed  the  heat  of  formation  of  that  compound.  Thus  in  the 
equation — 

H^  +  C/,  =  %HCl  4-  44,000  cal. 
the  heat  of  formation  of  73  grammes  of  hydrochloric  acid  is  44,000 
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thermal  units.  This  number,  however,  is  in  reality  the  algebraic  sum 
of  three  quantities.  It  does  not  express  merely  the  heat  developed 
by  the  simple  union  of  chlorine  and  hydrogen.  The  chemical 
change  expressed  by  the  equation  consists  in  reality  of  three 
operations — 

(i.)H,-H  +  H.  (2.)  a,=:Cl+CL  (3.)C1  +  C14-H  +  H=2HC1. 

Each  of  these  operations  represents  a  distinct  thermal  effect ;  in 
Nos.  (i)  and  (2)  heat  is  absorbed,  in  No.  (3)  heat  is  evolved,  and 
calling  these  values  h^  h^  and  h^  we  have  as  the  net  result 
^  -  (^1  4-  ^i)  =  44)000  caL 

The  number  of  heat-units,  therefore,  which  expresses  the  heat  of 
formation  of  hydrochloric  acid,  is  the  heat  produced  by  the  union  of 
two  atoms  of  hydrogen  with  two  atoms  of  chlorine,  minus  the  heat 
absorbed  in  the  decomposition  of  one  hydrogen  and  one  chlorine 
molecule. 

Compounds  such  as  hydrochloric  acid,  in  the  formation  of  which 
heat  is  developed,  are  termed  exothermic  compounds,  the  reaction 
by  which  they  are  produced  being  an  exothermic  change ;  com- 
pounds, on  the  other  hand,  whose  heats  of  formation  are  expressed 
by  a  negative  sign,  that  is,  in  whose  formation  heat  disappears,  are 
distinguished  as  endothermic  compounds^  and  the  reactions  by  which 
they  are  formed  are  endothermic  reaction. 

Thus  C  -H  Sj  =  CSj  -  19,600  cal., 

signifies  that  in  the  formation  of  carbon  disulphide,  heat  is  absorbed, 
and  the  compound  is  therefore  an  endothermic  compound. 

Thermo-chemical  determinations  are  made  by  means  of  instru- 
ments termed  calorimeters.  These  are  of  great  variety,  although 
the  principle  involved  is  the  same.  The  chemical  reaction  is  caused 
to  take  place  under  such  circumstances,  that  the  whole  of  the  heat 
that  is  liberated  shall  be  communicated  to  a  known  volume  of  water, 
at  a  known  temperature.* 

Direct  determinations  of  the  thermal  value  of  chemical  changes, 
have  hitherto  been  made  in  only  a  limited  number  of  comparatively 
simple  cases  :  it  is  possible,  however,  from  a  few  known  data,  to  cal- 
culate the  thermal  values  of  a  number  of  changes  which  cannot  be 
directly  measured.    This  depends  upon  the  fundamental  principle 

•  For  descriptions  of  the  various  calorimeters,  see  Treatises  on  PYv^s\cs. 
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of  thenno-cheinistry»  which  is  itself  the  corollary  of  the  law  of  the 
conservation  of  energy,  and  which  was  first  experimentally  proved 
by  Hess  (1840).  This  principle,  which  is  sometimes  termed  the  law 
of  constant  heat  consummation^  or  the  law  of  equivalence  of  heat 
and  chemical  change^  may  be  thus  stated :  The  amount  of  heat 
that  is  liberated,  or  absorbed,  during  a  chemical  process,  is  de- 
pendent solely  upon  the  initial  and  final  states  of  the  system,  and  is 
independent  of  the  intermediate  stages.  The  following  examples 
will  serve  to  explain  the  application  of  the  principle  : — 

1.  Let  us  suppose  it  b  desired  to  find  the  heat  of  formation  of 
carbon  monoxide,  the  data  at  our  disposal  being  (i)  the  heat  pro- 
duced when  carbon  imites  with  oxygen  to  form  carbon  dioxide ; 
and  (2)  the  heat  formed  by  the  combustion  of  carbon  monoxide  to 
carbon  dioxide.    The  thermal  equations  are — 

(i)  0  +  O,  =  CO^  4-  97,000  caL 

(2)  %C0  -K9j  =  2C(9,  4-  136,000  cal. 

Halving  the  second  equation,  in  order  to  get  the  heat  produced 
in  the  formation  of  44  granunes  of  carbon  dioxide  (/>.,  the  same 
weight  as  in  the  first),  we  may  represent  the  equation  as — 

CO  +  (9  =  CO^  +  68,000  cal  * 

Tlie  difference  between  the  two  values  97,000  and  68,000  will  be 
the  heat  of  formation  of  carbon  monoxide,  therefore  we  get  the 
equation — 

^•\-  O^CO  -V  29,000  cal. 

2.  The  compound,  methane  (marsh  gas),  CH4,  cannot  be  formed 
by  the  direct  union  of  its  elements,  but  its  heat  of  formation  can 
be  calculated  by  the  application  of  this  principle.  The  data  in 
this  case  are  the  ascertained  heats  of  formation  of  carbon  dioxide 

*  It  must  be  remembered  that  this  equation  does  not  express  the  whole 
truth :  as  it  here  stands  it  would  imply  that  68,000  calories  represent  the  heat 
formed  by  the  simple  chemical  union  of  28  grammes  of  carbon  monoxide  with 
x6  grammes  of  oxygen.  In  reality  this  number  is  half  the  sum  of  the  two 
values,  namely,  the  heat  of  combination  of  56  grammes  of  carbon  monoxide 
with  3a  grammes  of  oxygen,  minus  the  heat  absorbed  by  the  decomposition  of 
3a  grammes  of  oxygen  molecules  into  their  constituent  atoms.  The  oxygen 
atom  does  not  exist  alone,  and  whenever  free  oxygen  takes  part  in  a  chemical 
duuige,  tbe  luoJecules  of  the  element  are  first  separated  into  their  atoms. 
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and  of  water,  and  the  heat  produced  by  the  combustion  of  marsh 
gas,  the  thermal  equations  being — 

(i)  0  +  O,  =■  CO^  +  97,000  cal. 

(2)  %H^  +  O,  »  2//jO  +  136,800  cal. 

(3)  CH^  +  20j  -  C(9,  +  ^Hfi  +  212,000  caL 

The  diflTerence  between  the  thermal  value  of  the  last  process,  and 
the  som  of  the  first  and  second,  represents  the  heat  of  formation  of 
marsh  gas — 

97,000  +  136^800  -  212,000  =  21,800, 

hence  we  get  the  expression — 

0  +  2/rj  =  CH^  +  21,800  cal. 


PAET    II 
THE  STUDY  OP  POUR  TYPICAL  ELEMENTS 

HTDR06EN-0XTGEN-NITR00EN-CARB0N 

AND  THEIR   MORE   IMPORTANT  COMPOUNDS 


CHAPTER    I 

HYDROGEN 
Symbol,  H.     Atomic  weight  =  i.     Molecular  weight  =  2.     Density  =  x. 

History. — The  existence  of  hydrogen  as  an  individual  sub- 
stance was  first  established  by  Cavendish  (1766),  who  applied  to  it 
the  name  inflammable  air.  He  obtained  the  gas  by  acting  upon 
certain  metals,  as  iron,  tin,  and  zinc,  with  either  sulphuric  or  hydro- 
chloric acid. 

Oeeurrence. — In  the  free  state  hydrogen  occurs  only  in  small 
quantities  upon  the  earth.  It  is  evolved  with  other  volcanic  gases, 
and  is  present  in  the  gases  which  escape  from  petroleum  wells. 
It  is  evolved  also  during  the  fermentation  and  decomposition  of 
certain  organic  compounds,  and  is  therefore  present  in  the  breath 
and  the  intestinal  gases  of  animals.  Hydrogen  has  also  been 
found  in  many  specimens  of  meteoric  iron,  where  it  is  present  as 
occluded  gas. 

Hydrogen  in  the  uncombined  state  exists  in  enormous  masses 
upon  the  sun,  and  is  present  in  certain  stars  and  nebulae.  The 
so-called  prominences  which  are  seen  projecting  from  the  sun's 
disk  to  a  distance  of  many  thousands  of  miles,  and  which  were 
first  observed  during  solar  eclipses,  consist  of  vast  masses  of  in- 
candescent hydrogen. 

In  combination  with  other  elements  hydrogen   is   extremely 
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ilL-:,:ant:  us  commonesi  compound  is  water,  whic:h  consists  of 
cue  part  by  weight  of  this  element  combined  with  eight  parts  of 
uygeo.  In  comlnnation  with  chlorine,  as  hydrochloric  acid,  with 
y  QriMD  as  marsfa  gas,  and  with  sulphur  as  sulphuretted  hydrogen, 
lUs  element  also' occurs  in  large  quantities.  All  known  acids 
tnoiaiD  bydrogcD  as  one  of  their  constituents,  and  it  is  present  in 
ataioil  all  organic  compounds. 
lodM  of  Fonnstlotl. — (i.)  Hydrogen  may  be  obtained  from 
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.  water  by  tbe  action  of  various  metals  upon  that  compound  under 
certain  conditions.  The  metals  sodium  and  potassium  will  decom- 
pose water  at  the  ordinary  temperatures  ;  when,  therefore,  a  frag- 
ment of  either  of  these  metals  is  thrown  upon  water,  the  latter  is 
decomposed,  and  hydrogen  set  free  : — 

H,0  +  Na  =  NaHO  +  H. 

The  metals  bang  lighter  than  water  float  upon  its  surface,  and, 

owing  to  the  heat  of  the  reaction,  melt  and  roll  about  upon  the 

liquid  as  molten  globules     With  potassium,  the  heat  developed  ta 
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sufficiently  great  to  cause  the  hydrogen  to  inflame,  and  it  bums 
with  a  flame  coloured  violet  by  the  vapour  of  the  metal.  The 
hydroxide  of  the  metal,  which  is  the  second  product  of  the  action, 
dissolves  in  the  excess  of  water,  rendering  the  liquid  alkaline. 
The  alkalinity  of  the  solution  may  be  made  evident  by  the  addition 
of  a  reddened  solution  of  litmus,  which  will  be  turned  blue  by  the 
alkalL 

In  order  to  collect  the  hydrogen  evolved  by  the  action  of  sodium 
upon  water,  the  metal  is  placed  in  a  short  piece  of  lead  tube  closed 
at  one  end,  which  causes  it  to  sink  in  the  liquid,  and  an  inverted 
glass  cylinder  filled  with  water  is  placed  over  it,  as  shown  in  Fig.  25. 


Fig.  26. 

The  evolved  hydrogen  then  rises  as  a  stream  of  bubbles  into  the 
cylinder  and  displaces  the  water.* 

'(2.)  Water  may  be  readily  decomposed  at  the  boiling-point, 
by  means  of  zinc,  if  the  metal  be  previously  coated  with  a  thin 
film  of  copper  by  immersion  in  a  dilute  solution  of  copper  sul- 
phate When  this  copper- coated  zinc  (known  as  zinc -copper 
couple)  is  heated  in  a  small  fiask  filled  with  water,  and  provided 
with  a  delivery  tube,  the  oxygen  of  the  water  combines  with  the 
zinc  forming  zinc  oxide,  and  hydrogen  is  evolved,  which  may  be 
collected  over  water  at  the  pneumatic  trough  :  * — 

Zn  +  H,0  =  ZnO  +  H,. 


*  For  detailed  description  of  these  experiments  see  Newth's  "Chemical 
Lecture  Experiments/'  p.  2. 
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3.  At  a  :^tilI  liigher  temperature,  water  in  the  state  of  steam  can 
be  readily  decomposed  by  the  metal  magnesium,  magnesium  oxide 
beiag  formed  and  hydrogen  liberated : — 

Mg  +  H,0  =.  MgO  4-  H^ 

For  thb  purpose  the  magnesium  is  strongly  heated  in  a  glass 
txilb  (Fig.  26X  while  steam  from  a  small  boiler  is  passed  over  it 
As  the  temperature  of  the  metal  approaches  a  red  heat  it  bursts 
into  flame,  and  the  issuing  hydrogen  may  be  ignited  as  it  escapes 
from  the  end  of  the  tube. 

(4.)  If  iron  be  heated  to  bright  redness,  and  steam  be  passed 
over  it,  the  water  is  decomposed,  the  oxygen  uniting  with  the  iron 


Fig.  27. 

to  form  an  oxide  known  as  triferric  tetroxide,  or  magnetic  oxide  of 

uvMf  thus — 

3Fe  +  4HjO  =  FejO^  +  4Hj. 

Tlus  method  is  employed  on  a  large  scale  for  the  preparation  of 
hydrogen  for  commercial  purposes.  Iron  borings  or  turnings  are 
padced  into  an  iron  tube,  which  is  strongly  heated  in  a  furnace, 
and  steam  from  a  boiler  is  passed  through  the  tube. 

(5.)  For  laboratory  purposes  hydrogen  is  most  conveniently  pre- 
pared by  the  action  of  dilute  sulphuric  add  upon  zinc  : — 

Zn  +  H,S04  =  ZnS04  4-  H^ 

F(^  this puiposc  granulated  zinc  (i.e.,  zinc  which  has  been  me\le^ 
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and  poured  into  water)  is  placed  in  a  two-necked  Woulf  s  bottle 
(Fig.  27),  and  a  quantity  of  sulphuric  add,  previously  diluted  with 
six  times  its  volume  of  water,  is  introduced  by  means  of  the  fiinnd. 
.A  brisk  action  sets  in,  and  hydrogen  is  rapidly  (Usengaged.  After 
the  lapse  of  a  few  minutes,  the  air  within  the  apparatus  will  be 
swept  out  by  the  hydrogen,  when  the  gas  may  be  collected  over 
water  in  the  pneumatic  trough. 

The  hydrogen  so  obCained  is  nefer  absoliitely  pare :  it  is  liable  to  ooDtato 
traces  of  arsenaretted  hydrogen,  sulphuretted  hydrogen,  pbosphoretted  hydro- 
gen, oxides  of  niux>gen,  and  nitrogen.  The  nitrogen  is  derived  firom  the  air, 
which  finds  its  way  through  joints  in  the  apparatus,  and  also  from  air  dissohred 
in  the  add.  There  is  no  known  process  for  removing  this  impurity.  The 
other  gases  are  due  to  impurities  in  the  dnc  and  the  sulphuric  add,  and  can 
be  removed,  if  required,  by  passing  the  hydrogen  through  a  series  of  tubes 
containing  absorbents  (see  p.  187). 

Absolutely  pure  sulphuric  add,  even  when  diluted  with  water, 
has  no  action  upon  perfectly  pure  zinc 

Scrap  iron  may  be  substituted  for  zinc,  but  the  hydrogen  so 
obtained  is  much  less  pure,  and  is  accompanied  by  compounds  of 
carbon  (derived  from  the  carbon  in  the  iron),  which  impart  to  the 
gas  an  unpleasant  smell ;  the  reaction  in  this  case  is  the  following : — 

Fe  +  H,S04  =  FeS04  +  H^ 

Hydrochloric  add  can  be  employed  in  place  of  sulphuric  acid 
with  either  zinc  or  irpn,  the  reaction  then  being : — 

Zn  +  2HC1  =  ZnCl,  +  H^ 

(6.)  Hydrogen  in  a  high  degree  of  purity  is  conveniently  prepared 
in  small  quantity  by  the  electrolysis  of  water  acidulated  with  sul- 
phuric acid  (see  p.  183). 

(7.)  Hydrogen  is  disengaged  when  certain  metals,  such  as  zinc, 
iron,  magnesium,  and  aluminium,  are  boiled  with  an  aqueous  solu- 
tion of  potassium  or  sodium  hydroxide.  Thus,  in  the  case  of  zinc, 
when  this  metal  in  the  form  of  filings  is  boiled  with  a  solution  of 
potassium  hydroxide,  hydrogen  is  evolved,  and  a  compound  of  zinc, 
potassium,  and  oxygen  remains  in  solution,  namely,  potassium  zinc 
oxide,  thus : — 

2KH0  -H  Zn  =-  H,  -H  ZnK.p^ 
{B,)  Hydrogen  is  also  obtained  by  healmg  ^\^\tvt  ckY^;)Xs:<&^  w 
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nateSy  with  other  potassium  or  sodium  hydroxide,  with  the 
ultaneous  fonnation  of  an  alkaline  carbonate ;  thus  with  sodium 
late: — 

NajCjO^  +  2NaH0  =  H,  +  2Na,C0a. 

iN^lierties. — Hydrogen  is  a  colourless  gas,  and  has  neither 
te  nor  smelL  It  is  the  lightest  known  substance,  being  14.435 
es  lighter  than  air.  Its  specific  gravity  is  0.0693  (^^  ^  0- 
e  litre  of  the  gas  at  o*  C,  and  under  a  pressure  of  760  mm.  of 
rcory  (<>.,  the  standard  temperature  and  pressure),  weighs 
S96  gramme  ;  or  i  gramme  of  hydrogen  at  the  standard  tem- 
atore  and  pressure  occupies  11. 165  litres. 
)n  account  of  its  extreme  lightness,  hydrogen  may  be  poured 


Fig.  28. 

vcu'ds  from  one  vessel  to  another.  If  a  large  beaker  be  sus- 
ided  mouth  downward  from  the  arm  of  a  balance,  and  counter- 
sed,  and  the  contents  of  a  jar  of  hydrogen  be  poured  upwards 
)  the  beaker,  the  equilibrium  of  the  system  will  be  disturbed, 
I  the  arm  carrying  the  beaker  will  rise. 

lie  lightness  of  hydrogen  can  also  be  shown,  by  causing  a 
am  of  the  gas  to  issue  from  a  tube  placed  in  such  a  position 
t  its  shadow  is  cast  upon  a  white  screen  by  means  of  a  powerful 
rtric  light  When  the  gas  is  streaming  from  the  tube,  its  up- 
ti  rush  will  be  visible  upon  the  screen  as  a  distinct  shadow, 
sed  by  the  difference  between  the  refractive  power  of  air  aud 
Iro^en  (Fig.  28). 
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Hydrogen  is  inflammable,  and  bums  with  a  non-luminous  flame, 
the  temperature  of  which  is  very  high.  The  product  of  the  com- 
bustion of  hydrogen  is  water,  and  if  a  jet  of  the  gas  be  burned 
beneath  the  apparatus  seen  in  Fig.  29,  considerable  quantities  of 
water  may  be  collected  in  the  bulb.  In  the  act  of  combustion,  the 
hydrogen  combines  with  the  oxygen  of  the  air,  forming  the  oxide  of 
hydrogen,  namely,  water :  * — 

Hj  4-  O  -  H,0. 

If  hydrogen  be  mixed  with  the  requisite  quantity  of  air,  or  oxygen, 
and  a  light  applied  to  the  mixture,  the  combination  of  the  two  gases 

takes  place  instantly,  with  a  violent 
explosion ;  hence  the  necessity  of  care- 
fully expelling  all  the  air  from  the 
apparatus  in  which  hydrogen  is  being 
generated,  before  applying  a  flame  to 
the  issuing  gas. 

Hydrogen  will  not  support  the  com- 
bustion of  ordinary  combustibles ;  thus, 
if  a  burning  taper  be  thrust  into  a  jar 
of  the  gas,  the  hydrogen  itself  will  be 
ignited  at  the  mouth  of  the  jar,  which 
must  be  held  in  an  inverted  position,  but 
the  taper  will  be  extinguished  ;  on  with- 
drawing the  taper  it  may  be  re-ignited 
by  the  burning  hydrogen. 

Although  hydrogen  is  not  poison- 
ous, it  is  incapable  of  supporting  ani- 
mal life  owing  simply  to  the  exclusion 
of  oxygen.  When  mixed  with  air  and 
inhaled,  it  raises  the  pitch  of  the  voice 
almost  to  a  falsetto.  The  same  effect  may  be  seen  by  sounding 
a  pitch-pipe,  or  organ-pipe,  by  means  of  a  stream  of  hydrogen 
instead  of  ordinary  air,  when  it  will  be  noticed  that  the  note  given 
out  is  greatly  raised  in  pitch. 

Hydrogen  is  very  slightly  soluble  in  water.  It  was  formerly 
believed  that  this  gas  formed  an  exception  to  the  rule  that  the 
solubility  of  gases  in  water  diminishes  with  rise  of  temperature, 
and  it  was  supposed  that  the  solubility  of  hydrogen  was  constant 
between  the  temperatures  0°  and  25®.     More  recent  experiments 

*  From  this  fact  the  name  Hydrogen  (signlfymg  <A<  tcKUer  pnM(ucer\ia  derived. 
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L  .  have  shown  that  thb  is  not  the  case.    The  solubility  of  this  gas, 
:  as  determined  by  W.  Timofejeff  (1890),  is  seen  in  the  following 
)  table: — 
J  Solubility  of  Hydrogen  in  Water, 

\                  Temperature.                                     Coefficient  of  Solubility. 
S  o* 0215 

ID*  ....  ,0198 

20* 0184 

J  25* 0174 

Hydrogen  is  the  only  known  gas  which  has  never  been  liquefied. 
Up  to  the  present  time  (1894}  this  gas  has  resisted  all  attempts  to 
fiqnefy  it  The  statements  that  are  current  as  to  its  liquefaction 
ire  founded  on  imperfect  experiment 

Hydrogenium. — Certain  metals,  such  as  iron,  platinum,  and 
Dotably  palladium,  possess  the  property  when  heated  of  absorbing 
a  large  quantity  of  hydrogen,  and  of  retaining  it  when  cold. 
Graham  found  that  at  a  red  heat  palladium  absorbed,  or  occluded^ 
about  900  times  its  own  volume  of  hydrogen,  while  even  at  ordi- 
nary temperatures  it  was  able  to  absorb  as  much  as  376  times  its 
?olmne.*  Graham  concluded  that  the  hydrogen  so  occluded 
assumed  the  solid  form,  and  was  alloyed  with  the  palladium,  and 
to  denote  the  metallic  nature  of  the  gas  he  gave  to  it  the  name 
hydrogemufiu  From  recent  experiments  of  Troost  and  Haute- 
feidlle,  it  seems  probable  that  a  definite  compound  of  hydrogen 
and  palladiimi  exists,  of  the  composition  PdHj. 
.  The  absorption  of  hydrogen  by  palladium  is  readily  seen,  by 
making  a  strip  of  palladium  foil  the  negative  electrode  in  an 
dectndytic  cell  containing  acidulated  water,  the  positive  pole 
being  of  platinum.  Oxygen  will  be  evolved  from  the  latter 
dectxode,  while  for  some  time  no  gas  will  be  disengaged  from 
the  surface  of  the  palladium,  the  hydrogen  being  completely 
absorbed  by  the  metal.  During  the  absorption  of  hydrogen  the 
palladium  imdergoes  an  increase  in  volume :  Graham  observed  the 

•  Aooording  to  Neumann  and  Strientz  (Zeitschrift  fUr  Analytiscfu  Chemie, 
voL  32).  one  volume  of  various  metals  in  a  fine  state  of  division  are  capable  of 
abtcrbing  the  following  amounts  of  hydrogen : — 


Panadrnm,  black 

.  502.35  vols. 

Nickel 

.     17.57  vols. 

Platinum,  sponge 

.     49-3      M 

Copper 

4-5       1. 

Gold    . 

.     46.3 

Aluminium 

2.7^     ,» 

Iroo    . 

Lend 

.       0.15     „ 
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increase  in  length  of  a  palladium  wire,  to  be  equal  to  1.6  per 
This  change  in  volume  suffered  by  the  metal  may  be  stri 
demonstrated  by  employing  two  strips  of  palladium  foil,  p 
on  one  side  by  a  varnish,  as  the  electrodes  in  the  electrolytic 
On  passing  the  current  the  negative  electrode  inmiediately 
to  bend  over  towards  the  varnished  side  :   when  the  current 
reversed  it  again  uncurls ;  and  the  other,  being  now  the  n 
pole,  at  once  begins  to  perform  the  same  curling  movements. 

Hydrogenium  is  capable  of  bringing  about  a  number  of  chemicri; 
changes  which  ordinary  hydrogen  is  unable  to  effect :  thus,  when  ft 
strip  of  hydrogenised  palladium  is  immersed  in  a  solotioii  of  & 
ferric  salt,  a  portion  of  the  iron  is  reduced  to  the  ferrous  stata* 


*  See  "  Chemical  Lecture  Experiments,"  Nos.  27,  a8,  29. 


CHAPTER    II 

OXYGEN 

.    r\       Atomic  weight  =  15.96.     Molecular  weight  =  31.92. 
Symbol.  *J- 

___Qjjygcn  was  discovered  by  Priestley  (1774).     He  ob- 

*'*?^*  Vicating  ^*  ^  oxide  of  mercury  (known  in  those  days 

*^    ^KJ  calcifUiius,  per  se)  by  concentrating  the  sun*s  rays 

^'^  xaeBXiS  of  a  powerful  lens.     Priestley  applied  to  the  gas 

no  It  oy  ^^j^i^gistigated  cur.     Oxygen  was  independently  dis- 

*  red^by  Schecle.  Scheele's  discovery  of  oxygen  was  published 
'^^      but  recent  research  among  his  original  papers,  has  brought 

*  lirfit  the  fact  that  the  discovery  was  actually  made  in  1773,  prior 
herefore  to  Priestley's  discovery.  Scheele  called  the  gas  empyreal 
ur  on  account  of  its  property  of  supporting  combustion.  Lavoisier 
subsequently  applied  to  this  gas  the  name  "  oxygene  "  (from  ofv£, 
sour-  and  y<wa«,  I  produce),  to  denote  the  fact  that  in  many 
instances,  the  products  obtained  by  the  combustion  of  substances 
in  the  gas  were  endowed  with  acid  properties.  Oxygen,  indeed, 
came  to  be  regarded  as  an  essential  constituent  of  acids,  and  was 
looked  upon  as  the  "acidifying  principle.*'  The  subsequent  deve- 
lopment of  the  science  has  shown  that  this  idea  is  erroneous,  and 
tlat  oxygen  is  not  a  necessary  constituent  of  all  acids. 

Occurrence.— In  the  free  state  oxygen  occurs  in  the  atmos- 
phere, mechanically  mixed  with  about  four  times  its  volume  of 
mtrogtn.  In  combination  with  other  elements  it  is  found  in 
enormous  quantities.  Thus  it  constitutes  eight-ninths  by  weight 
of  water,  and  nearly  one-half  by  weight  of  the  rocks  of  which  the 
earth's  crust  is  mainly  composed. 

The  following  table  (Bunsen)  gives  the  average  composition  of 
the  earth's  solid  crust,  so  far  as  it  has  been  penetrated  by  man. 
It  must  be  remembered,  however,  that  the  greatest  depth  to  which 
man  has  examined,  when  compared  with  the  diameter  of  the  earth, 
is  after  all  only,  as  it  were,  a  mere  scratch. 

'59 
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V* 


Average  Composition  of  the  EartHs  Crust, 

Oxygen 44.0  to  48.7 

Silicon 22.8  „  36.2 

Aluminium 9.9  „    6.1             ^^ 

Iron 919  „    2^ 

Calcium 6.6  „    a9 

Magnesium 2.7  „    ai 

Sodium 2.4  „    2.5 

Potassium '•7  $>    3-i 

100.00   loaoo 

Modes  of  F0Finati0lL--{i.)  Oxygen  may  readily  be  obtiiael 
by  a  slight  modification  of  Priestley's  original  method,  namely,  hjf 
heating  mercuric  oxide  in  a  glass  tube,  by  means  of  a  BunseA 
flame.  The  red  oxide  of  mercury  first  darkens  in  colour,  and  ii 
decomposed  by  the  action  of  the  heat  into  mercury  and  oxygen, 
thus — 

2HgO  =  2Hg  +  O^ 

The  evolved  oxygen  may  be  collected  over  water  in  the  pneumatic 
trough,  while  the  mercury  condenses  in  the  form  of  metallic 
globules  upon  the  cooler  parts  of  the  tube.  This  method  of 
obtaining  oxygen  is  never  employed  when  any  quantity  of  the 
gas  is  required — it  is  chiefly  of  historic  interest 

(2.)  For  experimental  purposes,  oxygen  is  best  prepared  froni 
potassium  chlorate.  When  this  salt  is  heated  it  melts,  and  at 
about  400^  decomposes  with  brisk  effenrescence  due  to  the  evolutioa 
of  oxygen,  while  potassium  chloride  remains  :  * — 

KClOs  =  KCl  +  30. 

If  the  potassium  chlorate  be  previously  mixed  with  about  one- 
fourth  of  its  weight  of  manganese  dioxide,  it  gives  up  the  whde  of 
its  oxygen  at  a  temperature  considerably  below  the  melting-point 
of  the  salt,  and  at  a  greatly  accelerated  rate.  When,  therefore^  die 
oxygen  is  not  required  to  be  perfectly  pure,  a  mixture  of  these  tvo 

*  The  mechanism  of  this  reaction  is  more  complex  than  is  represented  bf 
this  equation.  It  has  been  shown  that  during  the  decomposition,  potawiw 
pcrchlorate.  KCIO4,  is  continuously  being  formed,  and  again  resolfed  fnlB 
KaOj  and  O. 


ill' y^  en 
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i>'.i,illy  LUip'nycil.  The  ini\lur<.:  in.iy  he  ( oiivciiiciuly 
Lcaied  in  a  "Florence"  flask,  supported  in  the  position  shown  in 
the  figure,  and  gently  heated  with  a  Bunsen  flame.  The  gas  is 
washed  by  being  passed  through  water,  and  then  collected  either 
at  the  pneumatic  trough  or  in  a  gas-holder. 

The  manganese  dioxide  is  found  at  the  end  of  the  reaction  to  be 
unchanged :  the  part  it  plays  in  the  decomposition  belongs  to  a 
class  of  i^enomena  to  which  the  name  catalysts  is  applied ;  the 
manganese  dioxide,  in  this  instance,  being  the  catalytic  agent.  It 
was  at  one  time  supposed  that  by  its  mere  presence,  itself  under- 
goii^  no  change,  the  manganese  dioxide  enabled  the  potassium 
chlorate  to  give  up  its  oxygen  more  readily  and  at  a  lower  tempera- 
ture ;  but  the  accumulated  evidence  which  has  been  collected  by 
the  study  of  an  increasing  number  of  similar  cases  of  catalytic 
actioo,  leads  to  the  conclusion  that  the  manganese  dioxide  is  here 


Fig.  3a 

playing  a  move  distinctly  chemical  part  in  the  reaction.  So  far  as 
is  known,  in  all  phenomena  of  this  order,  the  catalytic  agent  is  a 
substance  which  possesses  a  certain  degree  of  chemical  affinity  for 
one  of  the  constituents  of  the  body  to  be  decomposed,  and  the 
influence  of  this  attraction  is-A  necessary  factor  in  determining  the 
splitting  up  of  the  compioimd.  Owing,  however,  to  certain  condi- 
bons  which  are  present,  such,  for  example,  as  the  particular 
temperature  at  which  the  reaction  is  conducted,  the  catalytic  agent 
ii  unable  to  actually  combine  with  the  constituent  for  which  it  has 
this  affinity,  or  if  it  combines,  the  combination  it  forms  is  unable  to 
edit, and  is  instantly  resolved  again :  hence  the  catalytic  agent  comes 
oat  of  the  action  in  the  same  state  as  it  was  at  the  commencement 
In  die  case  before  us,  it  is  believed  that  a  cycle  of  changes  takes 
pboe^*  in  which  the  power  possessed  by  manganese  to  enter  into 

""  M'Leod, 
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higher  states  of  oxidation,  results  first  in  the  formation  of  potassium 
permanganate,  KMn04 ;  with  the  simultaneous  production  of 
chlorine  and  oxygen,  thus — 

(i)  2MnO,  +  2KC10a  -  2KMn04  +  CI,  +  O,. 

The  potassium  permanganate  then  passes  into  potassium  man- 
ganate,  K]Mn04,  with  evolution  of  oxygen,  and  partial  reformation 
of  manganese  dioxide,  thus — 

(2)  2KMn04  -  K,Mn04  +  MnO,  +  O^ 

And  this  is  decomposed,  by  the  chlorine  evolved  by  the  first  re- 
action, into  potassium  chloride,  manganese  dioxide,  and  oxygen, 

thus — 

(3)  K,Mn04  +  CI,  -  2KC1  +  MnO,  +  O,. 

(3.)  When  manganese  dioxide  itself  is  heated  to  bright  redness,  it 

parts  with  one- third  of  its  oxygen,  and  is  converted  into  trimanganic 

tetroxide. 

3MnO,  =-  Mns04  -f  O,. 

(4.)  Other  peroxides,  when  heated,  similarly  yield  a  portion  of  the 
oxygen  they  contain.  One  of  these,  namely,  barium  peroxide,  is 
now  largely  employed  for  the  preparation  of  oxygen  upon  a  manu- 
facturing scale.  This  method,  known  as  Brin^  process,  from  the 
name  of  the  inventor,  is  based  upon  the  fact,  that  when  barium 
oxide  (BaO)  is  heated  in  contact  with  air,  it  unites  with  an  additional 
atom  of  oxygen,  forming  barium  peroxide,  thus — 

BaO  +  O  =  BaO,. 

And  that  when  this  substance  is  still  further  heated,  it  again  parts 
with  the  additional  oxygen  and  is  reconverted  into  the  monoxide — 

BaO,  =  BaO  +  O. 

The  process,  therefore,  is  only  an  indirect  method  of  obtaining 
oxygen  fh>m  the  air,  the  same  quantity  of  barium  monoxide  being 
employed  over  and  over  again.  In  practice  it  was  found,  that 
instead  of  effecting  the  two  reactions  by  altering  the  temperature, 
which  involved  loss  of  time  and  considerable  expense,  the  same 
result  could  be  obtained  by  altering  the  pressure  and  keeping  the 
temperature  constant  If  the  monoxide  be  heated  to  the  lower 
temperature,  at  which  the  first  reaction  takes  place,  and  air  be 
passed  over  it  at  the  ordinary  atmospheric  pressure,  atmospheric 
oxygen  is  taken  up  and  barium  peroxide  is  formed.    If  the  pressure 
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be  then  iKgbtly  reduced  by  suitable  exhaust  pumps,  the  peroxide 
immediateiy  gives  up  one  atom  of  oxygen  without  any  further 
applioMion  af  heat,  and  a  Tetnusfonned  into  the  monoxide.     In 


this  way,  by  alternately  sending  air  through  the  heated  1 
contaioing  the  oxide,  and  then  exhausting  the  retort: 
process  is  obtained  without  change  of  temperature. 
The  mcdus  operandi  of  the  process  will  be  seen  (torn  ¥'»g.  ; 
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which  represents  the  general  arrangement  of  the  apparatus.  A 
number  of  retorts,  R,  consisting  of  long  narrow  iron  pipes,  are 
arranged  vertically  in  rows  in  the  furnace,  where  tlmy  are  heated 
by  means  of  ^*  producer-gas  "  (/.^.  carbon  monoxide  with  atmospheric 
nitrogen,  obtained  by  the  regulated  combustion  of  coke). 

By  means  of  the  pump  P,  air  is  drawn  in  at  the  "  air  intake,"  and 
forced  through  purifiers  in  order  to  withdraw  atmospheric  carbon 
dioxide ;  the  complete  removal  of  this  impurity  being  essential  to 
the  successful  carrying  out  of  the  operation.  The  purifiers  are 
so  arranged,  that  any  of  them  can  be  thrown  out  of  use  at 
wilL 

By  means  of  automatic  gear  the  purified  air  is  sent  through  pipe 
J  to  the  distributing  valve  X,  from  which  it  passes  by  the  pipe  Y  into 
the  retorts,  being  made  to  pass  down  through  one  row,  and  up  through 
the  other.  The  oxygen  is  then  absorbed,  and  the  accumulating 
nitrogen  escapes  by  the  relief  valve  W.  When  the  absorption  of 
oxygen  by  the  barium  monoxide  in  the  retorts  has  continued  for 
ten  or  fifteen  minutes,  the  automatic  reversing  gear  comes  into 
operation.  The  relief  valve  W  is  thereby  closed,  communication 
with  the  purifiers  is  cut  off,  and  the  action  of  the  pimips  at  once 
causes  a  reduction  of  pressure  within  the  retorts.  When  the  pres- 
sure falls  to  about  660  nmi.  (26  inches,  or  about  13  lbs.  on  the 
square  inchX  the  peroxide  gives  up  oxygen,  and  is  reduced  to  the 
monoxide.  The  oxygen  is  drawn  away  by  the  pipe  J  and  is  passed 
on  to  a  gas-holder.  The  first  portions  of  gas  that  are  drawn  out 
of  the  retorts,  will  obviously  be  mixed  with  the  atmospheric  nitrogen 
which  was  there  present ;  in  order  that  this  shall  be  got  rid  of,  the 
automatic  gear  is  so  arranged,  that  communication  with  the  pipe 
leading  to  the  gas-holder  is  not  opened  until  a  few  seconds  after 
the  reversing  gear  is  in  operation,  and  the  first  portions  of  gas  that 
are  pumped  out,  are  made  to  escape  into  the  air  by  a  snifting  valve 
S,  which  is  automatically  opened  and  closed. 

(5.)  Oxygen  may  be  obtained  by  heating  manganese  dioxide  with 
sulphuric  acid,  the  dioxide  parting  with  the  half  of  its  oxygen,  and 
a  sulphate  of  the  lower  oxide  being  formed — 

MnO,  -f  H^O*  -  MnS04  -f  HjO  +  O. 

(6.)  Similarly,  potassium  dichromate  (a  salt  containing  chromium 
trioxide,  CrO,),  when  heated  with  sulphuric  acid,  yields  oxygen  ;  the 
chromium  at  the  same  time  being  reduced  to  a  lower  state  of  oxi- 
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datioa,  vu:,  Cr^Os,  in  which  condition  it  unites  with  sulphuric  acid, 
fonning  chTomium  sulphati 


K,Cr,Or  +  4H,S04  =  K^04  +  Cr^SO*),  +  4H,0  +  30. 

Daring  the  reaction,  the  red  colour  of  the  dichromate  changes  to 
the  deep  olive-green  colour  possessed  by  chromium  sulphate. 

(7.)  Many  other  highly  oxidised  salts  yield  oxygen  when  acted 
upon  by  sulphuric  add ;  thus,  with  potassium  permanganate,  the 
following  action  takes  place  : — 

KsMnsO,  +  8H^04  -  K^O*  +  2MnS04  +  '^HjO  +  60. 

(&)  If  hydrogen  peroxide  be  added  to  dilute  sulphuric  acid,  and 
the  mixture  dropped  upon  a  solution  of  potassium  permanganate 
oontained  in  a  suitable  generating  flask,  a  rapid  evolution  of  oxygen 
takes  place  at  the  ordinary  temperature,  thus — 

K,Mn,0|+8H,S04+5H,0,=K^04+2MnS04+8H,0  +  602. 

(9.)  When  strong  sulphuric  add  is  dropped  upon  fragments  of 
bride  or  pumice-stone,  contained  in  an  earthenware  or  platinum 
retorty  and  mmntained  at  a  bright  red  heat,  the  acid  is  decomposed 
into  water,  sulphur  dioxide,  and  oxygen — 

H,S04  -  H,0  +  SO,  +  O. 

The  products  of  the  decomposition  are  passed  through  water,  which 
absorbs  the  sulphur  dioxide,  and  also  arrests  any  undecomposed 
solphuric  add,  and  the  oxygen  is  collected  over  water.  When  this 
process  is  used  on  a  large  scale,  the  sulphur  dioxide  is  absorbed  by 
being  passed  through  a  tower  filled  with  coke,  and  down  which  a 
stream  of  water  is  sdlowed  to  trickle,  and  the  solution  so  obtained 
can  be  utilised  in  the  manufacture  of  sulphuric  add. 

(la)  Oxygen  can  be  obtained  from  bleach ing-powder  by  methods 
which  afford  interesting  instances  of  catalytic  action.*  The 
composition  of  bleaching-powder  is  expressed  by  the  formula 
Ca(OQ)CL  If  this  substance  be  mixed  with  water,  and  a  small 
quantity  of  predpitated  cobalt  oxide  added,  and  the  mixture  gently 
warmed,  oxygen  is  rapidly  evolved.  The  cobalt  oxide,  CoO,  is  the 
catalytic  agent ;  it  is  able  to  combine  with  more  oxygen  to  foircv 

♦  Expenments 34,  3s,  36,  "Chemical  Lecture  Experiments,*' 
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CosOj,  but  this  compound  is  reduced  as  fiut  as  it  is  formed,  and 
the  oxygen  is  evolved  as  gas — 

(I.)  Ca(OCl)Cl  +2CoO  -  CojO,  +  CaCI,. 

(2.)  CojOa  =  2CoO  +  O. 

A  solution  of  calcium  hypochlorite,  which  may  be  obtained  from 
bleaching-powder  (see  Bleachine-powder),  behaves  in  the  same 
way  ;  and,  as  in  the  above  reaction,  nickel  oxide  may  be  substi- 
tuted for  cobalt — 

Ca(OCl),  =  CaCl,  +  O,. 

(i  I.)  A  similar  instance  of  catalysis,  by  which  oxygen  may  be 
obtained,  is  seen  when  a  stream  of  chlorine  gas  is  passed  through 
boiling  milk  of  lime,  to  which  a  small  quantity  of  the  oxide  of 
cobalt  or  nickel  has  been  added — 

CaH,0,  +  CI,  =  CaCl,  +  HjO  +  O. 

A  reaction  of  the  same  order  takes  place,  when  the  milk  of  lime  is 
replaced  by  either  potassium  or  sodium  hydroxide — 

2NaHO  +  CI,  =  2NaCl  +  H,0  +  O. 

(i2.)  When  a  mixture  of  steam  and  chlorine  gas  is  heated  to  bright 
redness,  the  steam  is  decomposed,  the  hydrogen  combining  with 
the  chlorine  to  form  hydrogen  chloride  (hydrochloric  acid),  and 
the  oxygen  is  set  free — 

H,0  +  CI,  «=  2HC1  +  O. 

In  order  to  prepare  oxygen  by  this  reaction,  chlorine  gas  is  caused 
to  bubble  through  water  which  is  briskly  boiling  in  a  glass  flask, 
F  (Fig.  32).  The  mixture  of  chlorine  and  steam  is  then  passed 
through  a  porcelain  tube  filled  with  fi-agments  of  porcelain,  and 
maintained  at  a  bright  red  heat  in  a  furnace.  The  issuing  gases 
are  passed  through  a  Woulfs  bottle,  containing  a  solution  of 
sodium  hydroxide,  in  order  to  absorb  the  hydrochloric  acid,  and 
the  oxygen  is  collected  at  the  pneumatic  trough. 

(13.)  Oxygen  is  formed  on  a  large  scale  in  nature  by  the  decom- 
position of  atmospheric  carbon  dioxide  by  the  green  leaves  of 
plants,  under  the  influence  of  light.    The  carbotv  dioxide  is  decom- 
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P'-:iied  inlo  carbon,  wliich  is  assimilaled  by  the  plant,  and  into 
oxygen  which  is  thrown  into  the  atmosphere.  It  has  been  esti- 
■naled  that  i  square  metre  of  green  leaf  is  able,  under  the  influ- 
ence of  sunlight,  to  decompose  more  than  i  litre  of  carbon  dioxide 
per  hoar. 

(14.)  Of  the  many  other  methods  by  which  it  has  been  proposed, 
fam  time  to  time,  to  manufacture  oxygen  on  a  large  scale,  may  be 
■cntiooed  one^  known  as  the  Tegsi^  du  Motay  process,  from  the 
HOW  of  the  inventor.  This  method  consists  in  the  alternate  for- 
mtxm  and  decomposition  of  sodium  monganate.  The  process 
nossts  of  two  operations,  which  are  carried  out  at  different  tern- 
pcraiutc&     When  a  current  of  air  is  passed  over  a  moderately 


;  of  manganese    dioxide  and  sodium   hydroxide, 
n^om  manganate  is  formed— 

2MnO,  +  4NaH0  +  Oj  =  2H,0  4-  SNajMnO,. 

Aadif  tins  sodium  manganate  be  healed  to  bright  redness,  and  a 
ovieai  of  steam  at  the  same  lime  passed  over  ii,  the  manganate  is 
ndoced  to  dimanganic  trioxide,  sodium  hydroxide  is  reformed,  and 
oxigen  evolved,  thus — 


!Na,MnO, 
Ob  again  passing  aii 


\-  aH,0  =  Mn,03  +  4NaHO  +  30. 

over  the  residue,  after  allowing  ihe  icrrvpcm- 
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ture  of  the  mass  to  fall  to  that  at  which  the  first  reaction  was 
conducted,  sodium  manganate  is  once  more  reformed — 

MnjO^  +  4NaH0  +  30  =  2H,0  +  2Na,Mn04. 

PropOPties. — Oxygen  is  a  colourless  gas,  having  no  taste  ot 
smell.  It  is  slightly  heavier  than  air,  its  specific  gravity  being 
1. 1056  (air  >=  i).  One  litre  of  the  gas,  at  the  standard  temperature 
and  pressure,  weighs  1.43028  granmies.  Oxygen  is  slightly  soluble 
in  water,  i  c.c.  of  water  at  o*  C.  dissolves  0.0489  cc  of  oxygen 
measured  at  o"*  C.  and  760  mm.  pressure.  The  solubility  of  oxygen 
in  water,  diminishes  as  the  temperature  rises  in  accordance  with 
the  interpolation  fonnida  (Winkler)  : — 

^=0.0489  -  .00134 1 3/+ .0000283/' -  .00000029534/*. 

Fish  are  dependent  upon  the  dissolved  oxygen  in  water  for  their 
supply  of  this  gas  for  respiration.  Oxygen  is  also  soluble  in  molten 
silver,  which  is  capable  of  absorbing  about  ten  times  its  own 
volume  of  this  gas  (see  Silver). 

Oxygen  is  endowed  with  very  powerful  chemical  affinities.  Even 
at  the  ordinary  temperature  it  is  able  to  combine  with  such  elements 
as  phosphorus,  sodium,  potassium,  and  iron.  All  the  chemical 
phenomena  exhibited  by  the  atmosphere,  are  due  to  the  presence 
in  it  of  free  oxygen,  the  atmosphere  being  practically  oxygen  diluted 
with  four  times  its  volume  of  nitrogen.  Thus,  when  a  piece  of 
bright  metallic  sodium  is  exposed  to  the  air,  the  surface  becomes 
instantly  tarnished,  and  coated  over  with  a  film  of  oxide :  when 
iron  rusts,  it  in  the  same  way  is  being  acted  upon  by  the  oxygen 
of  the  air,  forming  oxide  of  iron  :  in  these  cases  the  metals  are  said 
to  become  oxidised.  If  the  metal  be  obtained  in  a  sufficiently 
finely  divided  condition  before  being  exposed  to  the  air,  or  to  pure 
oxygen,  this  process  of  oxidation  may  proceed  so  rapidly,  that  the 
heat  developed  by  the  combination  will  cause  the  metal  to  bum. 
When  the  process  of  oxidation  is  accompanied  by  light  and  heat, 
the  phenomenon  is  known  as  combust ion^  the  oxygen  being  spoken 
of  as  the  supporter  of  combustion  :  bodies  which  bum  in  the  air, 
therefore,  are  simply  undergoing  rapid  combination  with  oxygen. 
It  will  obviously  follow,  that  bodies  which  are  capable  of  burning 
in  the  air,  will  bum  with  greatly  increased  rapidity  and  brilliancy, 
when  their  combustion  is  carried  on  in  pure  or  undiluted  oxygen. 
A  glowing  chip  of  wood,  or  a  taper  with  a  spaij^^  still  upon  the 


IP 


a:  k.  'Alien  p'v.nL^cd  into  pinr  oxy^'cn,  will  he  instantly  rokiiKllod. 
Such  substances  as  sulphur,  charcoal,  phosphorus,  which  readily 
bum  in  air,  when  burnt  in  pure  oxygen,  carry  on  their  combustion 
with  greatly  increased  brilliancy.  Many  substances  which  are  not 
usually  regarded  as  combustible  bodies  will  bum  in  oxygen,  if  their 
temperature  be  raised  suffidently  high  to  initiate  the  combustion  ; 
thus  a  steel  watch-spring,  or  a  bundle  of  steel  wires,  if  strongly 
heated  at  one  end,  will  bum  in  oxygen,  throwing  out  brilliant 
scintillations.  This  experiment  is  most  readily  shown  by  project- 
ing a  spirit-lamp  flame  upon  the  ends  of  a  bundle  of  steel  wire,  by 
means  of  a  stream  of  oxygen,  as  shown  in  Fig«  33.  As  soon  as  the 
ends  of  the  wire  are  su£Bciently  heated,  and  begin  to  bum,  the 
lamp  may  be  withdrawn  and  the  wire  held  in  the  issuing  stream 


Fig.  33. 

of  oocygen,  in  which  it  will  continue  its  combustion  with  great 
brilliancy.* 

It  is  a  remarkable  fiut,  and  one  which  has  not  yet  received  any 
satisfactory  explanation,  that  these  instances  of  combustion  in 
Qnygen  will  not  take  place  if  both  the  gas  and  the  material  be 
^heitUeiy  dry.  It  has  been  shown  that  phosphorus,  sealed  up  in  a 
1%  tube  irith  oxygen  which  has  been  absolutely  freed  from  aqueous 
S^ vapour,  may  even  be  distilled  in  the  gas  without  any  combination 
'tlldng  place.  The  presence  of  the  minutest  trace  of  moisture, 
however,  b  sufficient  to  allow  the  action  to  proceed,  but  the  exact 
way  in  which  this  operates  in  causing  the  effect  is  at  present  not 
known  irith  certainty.    See  also  p.  12. 

Oxygen  is  the  only  gas  which  is  capable  of  supporting  respira- 
tion: an  animal  placed  in  any  gas  or  gaseous  mixture  containing 
no  free  oxygen  rapidly  dies.    Undiluted  oxygen  may  be  breathed 

•  SeeahoEMpenmeatB  48  to  5a,  "  Chemical  I^ecture  ExperimenXs.*' 
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with  impunity  for  a  short  time,  but  its  continued  inhalation  soon 
produces  febrile  symptoms.  The  inhalation  of  oxygen  is  occa- 
sionally had  recourse  to  in  cases  of  asphyxiation,  or  under 
circumstances  of  great  bodily  prostration,  where  the  necessary 
oxygenation  of  the  blood  cannot  take  place  on  account  of  the 
enfeebled  action  of  the  lungs. 

Compressed  oxygen  acts  upon  the  animal  economy  as  a  poison : 
an  animal  placed  in  oxygen  gas  under  a  pressure  of  only  a  few 
atmospheres  quickly  dies. 

During  the  respiration  of  man,  air  is  drawn  into  the  lungs,  and 
is  there  deprived  of  4  to  5  per  cent  of  its  oxygen,  and  gains  3  to  4 
per  cent  of  carbon  dioxide.  The  oxygen  that  is  withdrawn  from 
the  inhaled  air  by  means  of  the  lungs,  is  absorbed  by  the  blood. 
The  power  to  absorb  this  oxygen  is  believed  to  reside  in  a  crystal- 
line substance,  contained  in  the  corpuscles  of  the  blood,  called 
hamoglobin^  with  which  it  enters  into  feeble  chemical  union,  ibrai- 
ing  the  substance  known  as  oxyhamoglolnn.  This  substance  is 
red,  and  imparts  to  arterial  blood  its  well-known  colour.  During 
its  circulation  in  the  system,  the  oxyhsemoglobin  parts  with  its 
oxygen,  and  is  reconverted  into  the  purple-coloured  haemoglobin. 
Under  normal  conditions,  the  whole  of  the  oxyhsemoglobin  is  not 
so  reduced,  for  venous  blood  is  found  still  to  contain  it  to  some 
extent  The  amount  of  carbon  dioxide  exhaled  is  diminished 
during  sleep,  and  to  a  still  greater  extent  during  hibernation. 

Oxygen  can  be  liquefied  at  very  low  temperatures  by  the  appli- 
cation of  moderate  pressure  (see  Liquefaction  of  Gases).  It  was 
first  liquefied  in  1877  by  Cailletet,  and  independently  by  Pictet 
Its  critical  temperature  is  -113',  at  which  point,  a  pressure  of 
50  atmospheres  is  required  to  bring  about  its  liquefaction. 

Liquid  oxygen  is  a  pale  steel-blue,  mobile  liquid,  which  boils  at 
- 181*.  Its  specific  gravity  at  - 181"  is  1.124.  The  liquid  expands, 
when  warmed,  much  more  rapidly  than  gases  do  for  the  same 
increment  of  temperature,  and  its  density  diminishes  in  proportion, 
thus — 

At  -  18 1*  density  =  1.124. 

^  „  - 139'     »     =   '^n- 

„  -  134'       „       =    .806. 
„  -  129"       „       =    .755- 
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Isomerism— Polymerism—Allotropy. 

.—It  is  frequently  found  that  two  different  compounds  have  the 
Umt  composition ;  that  is,  their  molecuks  are  composed  of  the  seme  number 
of  rbc  nine  atoms,  and  jret  the  substances  have  difibrent  properties.  Such 
cmmpminds  are  said  to  be  isoaurU,  the  one  is  an  isowur  of  the  otlier,  and  the 
yfeenorocBon  is  cnlled  uomfriswt.  Cases  of  isomerism  are  so  numerous  among 
At  compounds  of  carbon  («.«.,  in  the  realm  of  organic  chemistry,  see  Carbon, 
159),  tbmx  it  has  been  found  convenient  to  classify  them.  The  term 
therefore,  is  frequently  restricted  to  cases  in  which  the  compounds 
prrrmtage'compositioo,  the  same  molecular  weight,  and  belong 
chemiral  type  or  class  of  anbttanoes.  Thus,  the  two  compounds, 
hpmwm  and  ethyl  bensene,  are  both  expressed  by  the  formula 
C^^  The  molmikrs  in  each  case  contain  8  atoms  of  carbon  and  zo  atoms 
fif  fafdrogen,  they  therefore  have  the  same  molecular  weight  and  the  same 
composition ;  and  as  they  both  belong  to  the  nme  type,  or  family, 
lid  to  be  isomeric  with  eadi  other.  The  difference  in  the  properties 
ipomds  is  due  to  a  diflierence  in  the  arrangement  of  the  atoms 
the  motomlfls,  and  this  difihrenoe  is  expressed  in  their  formukc  in  the 


CsH^CCH,),.        Ethyl  benrene.  CcHsiCsH,). 

Difiiereat  compounds  having  the  same  molecular  weight  and  the  same  per- 

«m*ge  compodtfon,  but  which  do  not  belong  to  the  same  family  of  compounds, 

■e  distingiiisfaed  as  wutamert.    Thus,  the  two  compounds,  acetone  and  allyl 

tloohol,  are  eadi  expressed  by  the  formula  C^Hjb,    They  have  the  same 

nnlefnlar  weight  and  the  same  percentage  composition,  but  belong  to  two 

viddy  difieicnt  types  of  compounds;  they  are  therefore  called  metameru 

coBpoonds.    The  difference  between  them  is  again  due  to  a  difference  in 

■"'■^*»*'  stmecnre,  and  they  are  distinguished  by  formulsB  which  convey  this 

ifiaenoe,  thus: — 

Acetone,  CO(CH,),.        AUyl  alcohol.  C,Hs(HO). 


s 


— This  term  is  employed  to  denote  those  cases  in  which  dif- 

fereat  compounds  belonging  to  the  same  frimily  have  the  same  percentage 

conpoation,  but  differ  in  molecular  weight ;  that  is  to  say,  their  molecules  are 

^     coaposed  of  the  same  elements,  which  are  pr  sent  in  the  same  proportion  ;  but 

i     tbey  do  not  contain  the  same  actual  numbers  of  the  various  atoms,  and  therefore 

i     lave  difiierent  weights.    Thus,  the  compounds,  ethylene,  C,H4 ;  propylene. 

C|H«;  hotyleoe,  C^H^.  belong  to  the  same  frtmily,  anc!^  have  each  the  same 

pBcntage  composition,  but  they  differ  in  molecular  weight     These  sub- 

itanoes  are  said  to  be  polymers  of  one  another. 

j^        Anotnypj  may  be  re;;arded  as  a  special  case  of  polymerism.     In  its  widest 

I      VDse  the  term  is  sometimes  used  to  denote  polymerism  in  general,  btit  it  is 

I      TsnStf  restricted  to  those  instances  of  polyirierism  which  are  exhibited  by 

denennry  bodies  only.    Many  of  the  elements  are  capable,  under  spedaX 


f 


: 


1/2  Inorganic  Chemistry 

conditions,  of  assuming  such  totally  different  habits  and  properties,  that  thef 
appear  to  be  entirely  different  substances.  Thus,  the  element  sulphur,  ai 
usually  seen,  is  a  primrose-yellow,  opaque,  solid  substance,  extremely  brittiB, 
and  readily  dissolved  by  carbon  disulphide.  Under  certain  drcumstanoes  it 
may  be  made  to  appear  a  totally  different  thing ;  it  is  then  a  translucent  ambv^ 
coloured  substance,  soft  and  elastic  like  indiambber,  and  insoluble  in  carboa 
disulphide ;  it  is  stio  sulphur,  a^  sulphur  only.  Phosphorus,  again,  as  usoilly 
known,  is  a  nearly  oolourl^s,  translucent*  wax-like  solid,  whidi  melts  at  a 
temperature  only  slightly  above  that  of  the  hand,  and  which  takes  fire  a  few 
degrees  higher;  it  is  also  extremely  poisonous.  Under  special  influences 
phosphorus  can  be  made  to  assume  the  foUowing  properties : — A  dark  reddish^ 
brown  powder,  resembling  chocolate,  which  may  be  heated  to  250*  without 
taking  fire,  and  which  is  non-poiaonoos.  The  subsbmce  is  still  phosphoras, 
and  phosphorus  only.  This  plt>perty  possessed  by  certain  of  the  elements  of 
appearing  in  more  than  one  iorm,  of  assuming,  as  it  were,  an  alias^  is  caDed 
aUotropy:  the  more  uncommon  form  being  spoken  of  as  the  aUoirofie  madi/iM' 
Hon,  or  the  ailotrope  of  the  other. 

From  a  study  of  the  best  known  instances  of  this  phenomenon,  it  is  beliePBd 
that  allotropy,  in  all  cases,  is  due  to  a  difference  in  the  number  of  atoms  of  tht 
element  that  are  contained  in  the  molecule.    In  the  case  of  osone,  which  1i  , 
the  allotrope  of  oxygen,  this  is  known  to  be  the  case.    Ordinary  <uy|f  i 
molecules  consist  of  two  atoms,  while  the  molecule  of  osone  is  an  aggregatfcwi  ^ 
of  three  oxygen  atoms. 

OZOHB. 

Molecular  symbol,  O.^.    Molecular  weight,  47.88.    Density,  33.94. 

History. — ^When  an  electrical  machine  is  in  operation,  a  peculiar 
and  characteristic  smell  is  noticed  in  its  vicinity.  The  same  smell 
is  sometimes  observed  in  and  about  buildings,  or  other  objects,  when 
struck  by  lightning.  In  1785  it  was  observed  by  Van  Marum  that 
when  electric  sparks  were  passed  in  oxygen,  the  oxygen  acquired 
this  peculiar  smell.  Schdnbein  (1840)  showed  that  the  oxygen 
obtained  by  the  electrolysis  of  water,  also  contained  this  substance 
having  a  smell,  and  he  gave  to  it  the  name  osone^  signifying  a  snulL 
SchSnbein  made  a  careful  study  of  the  substance,  and  found  that  it 
might  be  obtained  by  various  other  methods.  The  more  recent 
work  of  Andrews,  Soret,  and  Brodie  has  brought  our  knowledge  of 
the  constitution  of  ozone  to  its  present  state. 

Oceuirence.— Ozone  is  present  in  the  atmosphere  in  extremely 
small  quantities  (see  Atmospheric  Ozone). 

Modes  of  Formation. — (i.)  Mixed  with  an  excess  of  oxygen, 
ozone  is  best  obtained  by  exposing  pure  dry  oxygen  to  the  influence 
of  the  silent  electric  discharge.  This  may  be  effected  by  means  of 
the  instrument  shown  in  Fig.  34,  known  as  "  Siemens*  ozone  tube." 


Ozone 
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ccynsists  of  two  concentric  glass  tubes,  A  and  B.  Tube  A  is  coated 
OD  its  tmur  surface  with  tinfoil,  which  is  brought  into  metallic 
Dtact  with  the  binding  screw  D,  as  shown  in  the  figure.  Tube  B 
coated  upon  the  outer  surface,  also  with  tinfoil,  which  is  in 
stallic  connection  with  binding  screw  C.  These  two  surfaces  of 
ifail  are  connected  by  means  of  their  respective  binding  screws 


Fig.  34. 


the  tenninab  of  a  Ruhmkorf  coil,  and  the  slow  stream  of  oxygen 
licfa  is  admitted  at  £,  and  which  passes  along  the  annular  space 
tween  the  two  tubes,  is  there  exposed  tp  the  action  of  the  silent 
metric  discharge.  A  small  portion  of  the  oxygen  so  passing, 
converted  into  the  allotropic  modification,  and  the  mixture 


FiQ.  35. 

oxygen  and  ozone  issues  from,  the  narrow  tube  at  the  opposite 
d  of  the  apparatus. 

For  general  purposes  of  illustration,  a  very  simple  arrangement 
ly  be  substituted  for  the  above.  It  consists,  as  shown  in  Fig.  35, 
a  straight  length  of  narrow  glass  tube  having  a  piece  of  platinum 
re  down  the  inside,  whidi  passes  out  through  the  walls  of  the 
yt  near  to  one  end,  and  is  there  sealed  to  the  glass.    A  second 
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platinum  wire  is  coiled  round  the  outside  of  the  tube,  and  these  tivo 
wires  are  connected  to  the  induction  coiL  On  passing  a  slow 
stream  of  oxygen  through  the  tube,  the  issuing  gas  will  be  found  to 
\>e  highly  charged  with  ozone. 

(2.)  Ozone  is  also  formed  when  an  electric  current  is  passed 
through  water  acidulated  with  sulphuric  add.  Thus,  in  the  ordinaiy 
electrolysis  of  water,  the  oxygen  evolved  from  the  positive  electrode 
is  found  to  contain  ozone  in  sufficient  quantity  to  be  readily  detected, 
both  by  its  odour,  and  by  other  tests. 

(5.)  During  many  processes  of  slow  oxidation  at  ordinary  tempera- 
tures, ozone  is  formed  in  varying  quantities.  Thus,  when  phos- 
phorus is  exposed  to  the  air,  an  appreciable  amouat  of  ozone  is 
formed.  One  or  two  short  sticks  cdf  freshly  scraped  phosphoivs 
are  for  this  purpose  put  into  a  stoppered  bottle  containing  air,  and 
allowed  to  rem^  for  a  short  time,  when  the  air  will  be  found  to 
contain  ozone. 

(4.)  Ozone  is  also  found  during  the  combustion  of  ether  upon  the 
surface  of  red-hot  platinum.  When  a  spiral  of  platinum  wire  is 
warmed  in  a  gas-flame,  and  while  hot  is  suspended  over  a  small 
quantity  of  ether  contained  in  a  beaker,  the  mixture  of  ether  vapour 
and  air  undergoes  combustion  upon  the  surface  of  the  pladnum, 
which  continues  in  an  incandescent  state  so  long  as  any  ether 
remains.  During  this  process  of  combustion,  a  considerable  quantity 
of  ozone  is  formed.     (See  also  Peroxide  of  Hydrogen.) 

(5.)  Ozone  is  formed  during  the  liberation  of  oxygen  in  a  number 
of  the  reactions  by  which  that  gas  is  obtained ;  thus  from  manga- 
nese dioxide  and  sulphuric  acid  the  oxygen  that  is  evolved  contains 
sufficient  ozone  to  answer  to  the  ordinary  test  In  the  same  way, 
by  the  action  of  sulphuric  acid  upon  barium  peroxide  or  potassium 
permanganate,  this  allotrope  is  present  with  the  ordinary  oxygen 
that  is  evolved. 

Properties.— As  prepared  by  any  of  the  methods  described, 
ozone  is  always  mixed  with  a  large  excess  of  unaltered  oxygen, 
probably  never  less  than  about  80  per  cent,  of  the  latter  gas  being 
present.  Even  in  this  state  of  dilution  it  has  a  strong  and  rather 
unpleasant  smell,  which  rapidly  induces  headache.  When  inhaled 
it  irritates  the  mucous  membranes,  and  is  rather  suggestive  of 
dilute  chlorine. 

Ozone  is  a  most  powerful  oxidising  substance ;  it  attacks  and 
rapidly  destroys  organic  matter :  on  this  account  ozonised  oxygen 
cannot  be  passed  through  the  ordinary  caoutchouc  tubes,  as  these 
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immediately  destroyed  by  it  It  bleaches  vegetable  colours, 
most  metals  are  at  once  acted  upon  by  it  Even  metals  like 
aiiy,  wluch  are  entirely  unaltered  by  ordinary  oxygen,  are 
deed  by  oione.  Its  action  upon  mercury  is  so  marked  in  its 
It,  that  the  presence  of  exceedingly  small  traces  of  ozone  can  be 
cted  by  it ;  the  mercury  b  seen  to  lose  its  condition  of  perfect 
idity,  and  adheres  to  the  sur&ce  of  the  glass  vessel  containing 
aving  ''tails*  upon  the  glass.  Ozone  converts  lead  sulphide 
S)  into  lead  su^hate  (PbS04),  and  liberates  iodine  from  potas- 
1  iodide — 

2KI  +  H,0  +  O,  -  O,  +  I,  +  2KH0. 

i  property  is  generally  made  use  of  for  detecting  the  presence 
aooey  advantage  being  taken  of  the  fact,  that  iodine,  when  set 

from  combination  in  the  presence  of  starch,  gives  rise  to  a 
p  blue-coloured  compound,  the  reaction  being  one  of  extreme 
cacy.  In  order  to  apply  this  test  for  ozone,  strips  of  paper  are 
xd  in  an  emulsion  of  starch  to  which  a  small  quantity  of  potas- 
a  iodide  has  been  added.  These  papers  may  be  dried  and 
lenred,  and  are  usually  spoken  of  as  ozone  test  papers.    When 

of  these  papers  is  moistened  with  water,  and  placed  in  air 
taining  ozone, 'the  iodine  is  liberated  from  the  potassium  iodide, 
.  bong  in  the  presence  of  starch,  the  paper  instantly  becomes 
t  by  the  ibimation  of  the  coloured  compound  of  starch.  It  will 
>bvious  that  this  method  of  testing  for  ozone  can  only  be  relied 
o,  when  there  is  no  other  substance  present  which  is  able  to 
ompose  potassium  iodide ;  for  example,  when  testing  for  ozone 
be  atmosphere,  the  presence  of  oxides  of  nitrogen  or  peroxide 
lydrogen  (both  of  which  are  capable  of  liberating  iodine,  and 
liable  to  be  present  in  the  air),  would  materially  vitiate  the 
lit  (see  also  Atmospheric  Ozone).  The  above  decomposition 
wtassium  iodide  by  ozone,  may  be  made  use  of  as  a  test  for 
Be  in  another  way,  which,  although  less  delicate,  is  also  less 
ly  to  be  vitiated  by  the  presence  of  other  substances.  Blue 
uis  papers  are  dipped  into  water  which  has  been  rendered  very 
Hj  acid,  and  to  which  a  small  quantity  of  potassium  iodide  has 
n  added.  The  papers  may  be  dried  and  preserved.  On 
istening  one  of  these  papers  with  water  and  exposing  it  to 
oe,  the  iodide  is  decomposed  as  in  the  former  case,  and  the 
assium  hydroxide  which  is  formed,  being  a  powerfully  alkalixv^ 
stance,  converts  the  colour  of  the  litmus  from  red  to  blue. 
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When  heated  to  a  temperature  of  aboujt  250*,  ozone  is  retnms- 
formed  into  ordinary  oxygen  ;  if,  therefore,  the  ozonised  gas 
obtained  by  means  of  the  Siemens'  ozone  tube,  be  passed  through 
a  glass  tube  heated  by  means  of  a  Bunsen  flame,  the  whole  of  the 
ozone  will  be  decomposed,  and  the  issuing  gas  will  therefore  be 
found  to  be  without  action  upon  the  ozone  test  papers. 

Ozone  is  also  decomposed  by  certain  metallic  oxides,  such  as 
those  of  manganese,  copper,  and  silver.  The  action  appears  to  be 
one  of  alternate  reduction  and  oxidation,  the  metallic  oxide  remain- 
ing unaltered  at  the  conclusion,  thus — 


Ag,0  +  Oj  =  Ag,  +  20» 
Aga  +  Oj  =  Ag,0  +  0» 


The  oxidising  power  of  ozone  is  due  to  the  instability  of  the  mole- 
cule, and  the  readiness  with  which  it  loses  an  atom  of  oxygen, 
leaving  a  molecule  of  ordinary  oxygen,  thus — 

03  =  0  +  0^ 

The  oxygen  molecule  is  comparatively  inert,  but  the  liberated  atom 
in  its  nascent  state,  is  endowed  with  great  chemical  activity.  No 
change  of  volume  accompanies  these  processes  of  oxidation  by 
ozone,  as  the  volume  of  the  oxygen  molecule  (O2}  is  the  same  as 
that  of  the  ozone  molecule  (Oj),  the  third  atom  of  oxygen  being  that 
which  enters  into  new  combination  with  the  oxidised  substance. 

Ozone  is  soluble  to  a  slight  extent  in  water,  imparting  to  the 
solution  its  own  peculiar  smell.  1000  cc  of  water  dissolve  about 
4.5  cc  of  ozone. 

Under  the  influence  of  extreme  cold,  ozone  condenses  to  liquid 
having  an  intense  blue  colour.  So  deep  is  the  colour,  that  a  layer 
of  it  2  mm.  in  thickness  is  opaque.  This  liquid  is  obtained  by 
passing  ozonised  oxygen  through  a  tube  which  is  cooled  by  being 
immersed  in  boiling  liquid  oxygen,  which  has  a  temperature  of 
- 181*.  At  this  temperature  the  ozone  liquefies,  but  the  oxygen 
with  which  it  was  mixed  passes  on.  Liquid  ozone  boils  at  — 106. 
It  is  described  by  Olszweski  and  Dewer  as  an  extremely  explosive 
substance. 

ConstitutiOIl  of  Ozone.— The  fundamental  difference  between 
ordinary  oxygen  and  its  allotrope  ozone,  lies  in  the  feet  that  the 
molecule  of  the  latter  contains  three  atoms,  while  that  of  ordinary 


Ozone 


/  / 


o\y:^'en  ron^ists  of  only  two.  Ozone,  tlicrefore,  is  a  polymer  of 
oxygen  ;  its  molecule  is  more  condensed,  three  atoms  occupying 
two  unit  volumes.  This  conclusion  as  to  the  constitution  of  ozone 
has  been  arrived  at  from  the  consideration  of  a  number  of  experi- 
mental focts. 

(I.)  When  oxygen  i?  subjected  to  the  action  of  the  electric  dis- 
charge, it  is  found  to  undergo  a  diminution  in  volimie.*  This  was 
shown  by  Andrews  and  Tait,  by  means  of  the  tube  seen  in  Fig.  36. 
The  tube  was  filled  with  dry  oxygen,  which  was  prevented  fnrni 
escaping  by  means  of  the  sulphuric  acid  contuned  in  the  bent  por- 
tion of  the  narrow  tube,  which  served  as  a  manometer.  When  the 
silent  discharge  was  passed  through  the  oxygen,  a 
contraction  in  the  volume  took  place,  indicated  by 
a  disturbance  of  the  level  of  the  acid  in  the  syphon. 
When  the  tube  was  afterwards  heated  to  about 
100*  C  and  allowed  to  cool,  the  gas  was  found  to 
have  returned  to  its  original  volume,  and  to  be 
devoid  of  o«>ne.  This  could  be  repeated  inde- 
fiutely,  the  gas  contracting  when  ozonised,  and  re- 
expanding  when  the  ozone  was  converted  by  heat 
into  ordinary  oxygen.  As  only  a  very  small  propor- 
tion of  the  oxygen  was  converted  into  ozone,  this 
experiment  alone  afibrded  no  clue  as  to  the  rela- 
tion between  the  change  of  volume  and  the  extent 
to  which  this  conversion  took  place. 

(x)  A  small  sealed  glass  bulb,  containing  a  solu- 
tion of  potassium  iodide,  was  placed  in  the  tube 
beiMe  the  experiment  The  oxygen  was  ozonised, 
and  the  usual  contraction  noticed  The  bulb  was 
theB  broken,  and  on  coming  in  contact  with  the  ozone  present,  the 
potUBom  iodide  was  decomposed,  iodine  being  liberated.  No 
ibxther  contraction,  however,  followed ;  and,  farther,  when  the 
tube  was  subsequently  heated  to  300*  and  cooled,  the  gas  suffered 
BD  increase  in  vdiune.  By  carefully  estimating  the  amount  of 
io£ne  that  was  liberated  by  the  ozone,  the  actual  amount  of  oxygen 
wludi  bad  caused  this  liberation  could  be  determined,  according 
to  die  equation — 

SKI  +  H,0  -H  O  -  1,  +  2KHO, 


Fig.  36. 


*  "ChaniciU  Lecture  Experiments."  No.  63. 
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and  it  was  found,  that  the  volume  of  oxygen  so  used  up,  was  exactly 
equal  to  the  contraction  which  first  resulted  on  the  ozonisation  of 
the  oxygen. 

These  facts  proved  that  when  potassium  iodide  was  oxidised  by 
ozone,  a  cert^un  volume  of  ordinary  oxygen  was  liberated,  which 
was  equal  to  the  volume  of  ozone ;  and  a  certain  volume  was  used 
up,  which  was  equal  to  the  original  contraction. 

These  &cts  were  explained  by  the  supposition,  that  ozone  was 
represented  by  the  molecular  symbol  0^\  and  its  action  upon 
potassium  iodide  may  be  expressed  as  follows — 

2K1  +  HjO  +  Oj  -  O,  +  I,  +  2KH0. 

(3.)  To  prove  the  correctness  of  this  supposition,  however,  it  was 
necessary  to  learn  the  exact  relation  between  these  two  volumes. 
This  Soret  did,  by  making  use  of  the  property  possessed  by  turpen- 
tine (and  other  essential  oils)  of  absorbing  ozone  without  decom- 
posing it ;  and  he  found,  that  the  diminution  in  volume  which  took 
place,  by  absorbing  ozone  from  ozonised  oxygen,  was  exactly  twice 
as  great  as  the  increase  in  volume  that  resulted  when  the  same 
volume  of  ozonised  oxygen  was  heated. 

(4.)  If  the  molecule  of  ozone  be  correctly  represented  by  Oj,  its 
density  will  be  24,  as  against  16  for  oxygen  ;  and  its  rate  of  difiih 
sion  will  be  proportionately  slower  in  accordance  with  the  law  of 
gaseous  diffusion  (see  Diffusion  of  Gases,  p.  81).  Soret  found  that 
this  was  actually  the  case,  and  from  his  experiments  the  number  24 
for  the  density  of  ozone  receives  conclusive  confirmation. 


CHAPTER   III 
ayitPouNDs  OP  hydrogen  with  oxygen 

^XKE  are  two  oxides  of  hydrogen  known,  vie : — 

Hjrdrogen  mononde,  or  water       ....     H^O 
Hydrogen  dioxide H,0, 


WATEB. 

Formolft,  H^.    Molecolar  wdght  =  i7.9& 

UittD  tbe  time  of  Cavendish,  water  was  considered  to  be  an 
deBtentary  substance.  Priestley  had  noticed  that  when  hydn^en 
^m1  oxygen  were  mixed  and  inflamed,  moisture  was  produced, 
^id  he  bad  also  observed  that 
tte  water  so  obtained  was  some- 
^nei  add.  Cavendish  showed, 
Oat  tbe  water  was  actually  the 
fcodnct  of  the  chemical  union  of 
hydnjt;eu  with  oxygen,  and  be 
•lu  discovered  that  the  acidity 
which  this  water  sometimes  pos- 
^ssed,  was  due  to  the  presence 
of  small  quantities  of  nitric  acid  ; 
.  and  he  traced  the  formation  of 
,  thb  acid  to  the  accidental  pre- 
'  Mace  of  nitrogen  (from  the  at- 
iiMKfdMre)  with  which  the  gases 
*eie  somelitnes  contaminated. 

Cavendish  filled  a  graduated 
bd-jar  with  a  mixture  of  hydro-  Fic.  37- 

'    CCD  and  oxygen,  in  the  propor- 
tioo  of  two  volumes  of  the  fbnner  to  one  of  oxygen,  and  he  attached 
to  tbe  bdl->ar  a  stout  glass  vessel,  resembling  the  pear-shaped 
•tfonuns  shown  in  Fig.  37,  which  was  perfectly  dry,  and  rendered 
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vacuous.  On  opening  the  stop-cocks,  gas  entered  the  exhausted 
tube,  which  is  furnished  at  the  top  with  two  platinum  wires.  The 
cocks  were  again  closed  and  an  electric  spark  passed  through  the 
mixed  gases,  thereby  causing  their  explosion,  when  the  interior 
surface  of  the  previously  dry  glass  vessel  was  found  to  be  dimmed 
with  a  film  of  moisture.  On  again  opening  the  stop-cocks,  more 
gas  was  drawn  into  the  upper  vessel,  the  same  volume  passing  in 
as  originally  entered  the  evacuated  apparatus.  This  showed  that 
the  two  gases  in  their  combination  with  each  other  had  entirely 
disappeared.  By  repeatedly  filling  the  vessel  with  the  mixed  gases, 
and  causing  them  to  unite  in  this  way.  Cavendish  succeeded  in 
collecting  sufficient  of  the  water  to  identify  the  liquid,  and  prove 
that  it  was  in  reality  pure  water. 

The  more  exact  voltunetric  proportion  in  which  oxygen  and 
hydrogen  combine  to  form  water,  has  been  determined  by  modem 
eudiometric  methods,  which  have  been  developed  from  Cavendish's 
experiment.  Accurately  measured  volumes  of  the  two  gases  are 
introduced  into  a  long  graduated  glass  tube,  standing  in  the  mer- 
curial trough,  and  provided  with  two  platinum  wires,  by  means  of 
which  an  electric  spark  can  be  passed.  The  gases  are  caused  to 
unite  by  means  of  the  spark,  and  the  contraction  in  volume  is 
carefully  observed.  Fig.  38  shows  the  apparatus  for  this  puipose 
The  long  glass  tube  A  having  a  millimetre  scale  graduated  upon  it, 
and  having  two  platinimi  wires  sealed  into  the  glass  near  the  upper 
and  closed  end,  is  completely  filled  with  mercury,  and  inverted  in 
the  trough  of  the  same  liquid  :  this  tube  is  known  as  a  eudiometer. 
A  quantity  of  pure  oxygen  is  then  introduced  into  the  tube,  and 
the  volume  occupied  by  the  gas  carefully  read  off  upon  the  gradua- 
tions. Seeing  that  the  volume  occupied  by  a  given  mass  of  gas  is 
dependent  both  upon  the  temperature  and  the  pressure,  each  of 
these  factors  has  to  be  taken  into  account  in  the  process  of  this 
experiment.  The  temperature  is  ascertained  by  the  attached 
thermometer  T.  The  pressure  under  which  the  gas  is,  will  be  the 
atmospheric  pressure  at  the  time  (ascertsuned  by  the  barometer  B 
placed  near  the  apparatus)  minus  the  pressure  of  a  colonm  of 
mercury,  equal  to  the  height  of  the  mercury  within  the  eudiometer 
above  Uie  level  of  that  in  the  trough.  This  height  is  obtained  in 
millimetres,  by  carefully  reading  upon  the  graduated  scale  the  level 
of  the  mercury  in  the  trough,  and  the  top  of  the  column  in  the 
tube,  and  the  number  of  millimetres  so  obtained  is  deducted  fh>m 
the  barometric  reading.    These  obseTvaxKoiv^  2lt^  Tcv^Ld^^xxveans  of 


Watgr  tSi 

i  AltlcKope  placed  at  soch  a  convenient  distance,  that  the  heat  of 
~Ael)adj  may  not  intiodtK^  disturbances. 

.  The  data  obbuned,  give  the  volume  of  gas  at  a  particular  tem- 
fcfiiiliin ,  and  under  a  pressure  less  than  that  of  the  atmosphere. 
F^t  dte  pmcess  of  calculation  explained  under  the  general  pro- 
-  Jtt6n  of  gases  (p-  69),  this  is  reduced  to  the  standard  temperature 
'  ad  pfcssofc,  vii.,  o*  and  760  mm. 

Aqoantity  of  hydrogen  is  then  introduced  into  the  eudiometer, 
1  Kxixss  of  that  required  for  complete  combination 


Fio,  38. 

with  the  oxygen,  and  the  volume  again  ascertained  with  the  above 
precaatioDS  and  corrections. 

The  difierence  between  the  first  and  second  reading  will  give  the 
Tohnne  of  hydrogen  which  has  been  added. 

Tbc  endiometer  is  then  finnly  held  down  against  a  pad  of  caout- 
cbooc  upon  the  bottom  of  the  trough,  and  the  gases  fired  by  an 
dectric  spark  from  a  Ruhmkorff  coil.  A  bright  flash  of  light 
puses  down  the  tube,  and  on  releasing  it  from  the  indiarubber  bed, 
■tercnry  enters  to  fill  the  space  previously  occupied  by  the  gases 
which  have  combined 
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Fig.  39. 


On  allowing  the  instrument  to  once  more  acquire  the  tempen*    i 
ture  of  the  surrounding  atmosphere,  the  residual  volume  is  read  oil 
and  corrected  for  temperature  and  pressure. 

The  following  data  have  now  been  obtained  : — 

(i.)  The  volume  of  oxygen,  corrected  for  temperature  and 
pressure. 

(2.)  The  volume  of  mixed  oxygen  and  hydrogen,  corrected  for 
temperature  and  pressure. 

(3.)  The  volume  of  residual  hydrogen,  corrected  for  tempera- 
ture and  pressure. 

A  concrete  example  will  explain  how  the  result  is  deduced  from 
these  observations : — 

Corrected  volume  of  oxygen  used 45<35 

Corrected  voltune  after  the  addition  of  hydrogen   .  256.05 

Corrected  volume  of  residual  hydrogen  ....    12a  zo 

256.05  —   45.35  =  2x0.70  =  total  volume  of  hydrogen  employed. 

210.70  —  xaazo  =   9a6o  =  volume  of  hydrogen  which  has  combined  with 

45.35  volumes  of  oxygen. 

•*•  43-35  :  I  -  90-60  :  1.997. 
. '.  One  volimie  of  oxygen  has  combined  with  z.997  volumes  of  hydrogen 

to  form  water.* 

The  volume  composition  of  water  may  be  shown  by  analytical 

processes,  as  well  as  the  synthetical 
method  described  above.  This  decom- 
position of  water  is  most  conveniently 
effected  by  means  of  an  electric  cur- 
rent If  the  two  terminals  from  a  gal- 
vanic battery  are  connected  to  two 
pieces  of  platinum  wire  or  foil,  and 
these  are  dipped  into  acidulated  water, 
bubbles  of  gas  make  their  appearance 
upon  each  of  the  wires.  If  these  two 
strips  of  platiniun  be  so  arranged  in  a 
bottle,  that  all  the  gas  evolved  escapes 
by  a  delivery-tube  (Fig.  39),  it  will 
be  found  that  the  gas  explodes  violently  on  the  application  to  it 

*  In  accurate  experiments  the  volume  occupied  by  the  minute  quantity  of 
water  formed,  has  to  be  taken  into  account,  and  a  number  of  other  corrections 
have  to  be  made  that  are  not  mentioned  in  this  outline  description  of  the 
process. 
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of  <nyg«n  and  by 


ited  taper,  ibowing  it  to  be  a  □ 

By  modifyiog  the  appamtua  in 

way  that  the  gas  from  each 
t  plate  ahall  be  collected  ia  sepa- 
C3,  so  airaa^ed  that  tbe  volumes 
aaes  can  be  measured,  it  it  found 
ce  as  much  hydrogen  is  evolved, 
Ten  time,  as  oxygen.  A  conve- 
nn  of  voltameter  is  seen  in  Fig. 
ce  the  two  measuring  tubes  are 
ed  over  the  platinum  plates  con- 
n  a  glass  basin.  The  electrode, 
s  connected  with  the  negative 
[  of  the  battery,  is  the  one  from 
[be  larger  volume  of  gas,  vix., 
rogen,  is  evolved,  while  the  oxy- 
berated  at  the  positive  plate. 
I  tbe  volumes  of  tbe  gases  are 
r  measured,  it  is  found  that  they 
exactly  in  the  proportion  of  two 
ogen  to  one  of  oxygen,  but  that 
gen  is  in  deficit  of  this  propor- 
rhis  is  due,  in  the  first  place, 
greater  solutulity  of  oxygen  in 
lan  of  hydrogen  ;  and,  secondly, 
bnnation  of  a  certain  quantity  of 
luring  the  electrolysis,  whereby 
a  shrinking  of  volume  in  the  proportion  of  three  to  two. 

i>iiliiilj  lii  of  water,"  as  Ihis  procas  is  uiualljr  called,  is  not  the 
XDomenaii  that  at  Grii  sight  it  mighl  appear  lo  be.  In  the  &ru 
n  water  is  not  an  electrolyte,  and  it  is  necessary  either  to  acidulate 
ender  il  alkaline  by  the  addition  at  sodium  or  poutuiuin  hydroxides. 
action  cf  the  electhc  currcat  U  (in  the  case  of  water  addulaled  with 
add)  to  decompose  the  sulphuric  add  into  H,,  which  appears  at  (be 
electrode,  aod  SO4,  which  is  liberated  at  the  anode.  SO4,  however, 
WDintoSOi  +  O,  the  oxygen  being  liberated,  and  the  sulphur  trloxide 
siting  with  a  molecule  of  water  present,  to  regenerate  lulphuric  add. 
gea  may  be  thos  represented  : — 


FlC  4a 


Ai  tha  Ai  II 

H^j  =     H,     +     (SO,i 

SO,  +  H,0    =     H,SO.. 


O). 
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the  nascent  oxygen  is  converted  into  osone,  some  also  unites  with  water  to  j 

form  hydrogen  peroxide,  H^Os,  and  probably  a  still  larger  quantity  is  employed  \ 

in  oxidising  the  sulphuric  add  to  persulphuric,  which  is  always  formed  in  j 

solution  at  the  anode.    Berthelot  considers  that  the  variation  of  the  proportko  \ 

of  hydffgsnand  oxygen  evolved  during  the  electrolysis  of  dilute  sulphuric  add,  ' 
from  the  proportion  of  two  volumes  of  hydrogen  to  one  volume  of  oxygen,  ii 
mainly,  if  not  entirely,  due  to  the  formation  of  persulphuric  add. 

The  Volmnetrie  Composition  of  Steam.— When  a  mixture  of 

oxygen  and  hydrogen  is  exploded  in  a  eudiometer,  we  have  seen 
that  a  certain  contraction  of  volume  follows,  due  to  the  formation 
of  water  by  the  uniting  gases.  The  oxygen  and  hydrogen  that 
have  entered  into  combination  have  disappeared  as  gases,  the 
volmne  of  the  resultant  water  being  practically  negligable.  It  is 
important  to  know  what  relation  exists  between  the  volume  of 
the  uniting  gases,  and  the  volume  of  the  product  of  their  combina- 
tion when  in  a  state  of  vapour ;  that  is  to  say,  what  volume  of 
steam  is  produced  by  the  union  of  one  volimie  of  oxygen  with 
two  volumes  of  hydrogen ;  in  other  words,  whether  there  is  any 
molecular  contraction  in  the  formation  of  steam. 

To  ascertain  this,  the  mixed  gases,  in  the  exact  proportions  to 
form  water,  must  be  made  to  combine  under  such  circumstances 
that  the  product  shall  remain  in  a  state  of  gas  or  vapour,  so  that 
its  volume,  and  that  of  the  mixed  gases,  may  be  measured  under 
comparable  conditions.  For  this  purpose  a  mixture  of  oxygen  and 
hydrogen,  obtained  by  the  electrolysis  of  acidulated  water,  is  in- 
troduced into  the  closed  limb  of  the  U-shaped  eudiometer  shown 
in  Fig.  41.*  This  tube  is  graduated  into  three  equal  divisions, 
indicated  by  the  broad  black  bands,  and  is  furnished  with  two 
platinum  wires  at  the  closed  end.  It  is  also  surrounded  by  an 
outer  tube,  so  that  a  stream  of  vapour  from  some  liquid,  boiling 
above  the  boiling-point  of  water,  can  be  made  to  circulate.  The 
most  convenient  liquid  for  the  purpose  is  amyl  alcohol,  which 
boils  at  130*  In  this  way  the  eudiometer,  and  the  contained  gases, 
will  be  maintained  at  a  constant  temperature,  high  enough  to  keep 
the  water  formed  by  their  combination,  in  the  state  of  vapour. 

The  amyl  alcohol  is  briskly  boiled  in  the  flask,  and  its  vapour  is 
led  into  the  tube  surrounding  the  eudiometer.  The  temperature  of 
the  mixed  gases  is  thereby  raised  to  130°,  and  they  occupy  the 
three  divisions  of  the  tube  when  the  mercury  in  the  open  limb  is 
at  the  same  level,  that  is,  when  the  gases  are  under  atmospheric 

*  See  Experiments  Nos.  7a  and  73,  "  Chemical  Lecture  Experiments." 
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preasure.  Tlie  amyl  alcohol  vapour  leaves  the  apparatus  by  the 
^ns  tube  at  ibe  bottom,  and  is  conveyed  away  and  condensed. 
An  electik  spoik  is  then  passed  through  the  gases  by  means  of  the 
indiiction  c^  (In  order  to  prevent  the  mercury  from  being 
fcncibly  ejected  from  the  open  limb  of  the  U-tube  at  the  moment  of 
eqiloaion,  an  additional  quantity  of  mercury  is  poured  in,  and  the 
open  end  is  closed  by  the  tbttmb  when  the  sparlc  is  passed.)  On 
bringing  the  enclosed  gas  again  to  the  atmospheric  pressure,  by 
I  the  levd  of  the  mercury  until  it  is  once  more  at  the  same 


FiC.  <i. 

hdgtit  in  each  limb,  it  will  be  found  that  the  mercury  in  the  eudio- 
meter is  now  standing  at  the  second  band  ;  thai  is  to  say,  the  three 
Tolmnes  of  gas  originally  present  have  now  become  two  volumes  of 
neam.    This  condensation  is  expressed  in  the  molecular  equation — 


0,  +  8H,  =  2H,0. 


The  OntTlmetrfe  Composition  of  WateF.—  Having  leatned 
e  compos'idoa  of  water  by  volume,  and  knowing  also  \.\n\.  V^ve 
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relative  weights  of  equal  volumes  of  oxfgen  and  hydrogen  are  u 
'  S4S  '•  ^  t^^  composition  by  wdght  can  readily  be  calculated,  thtit— 

1  volume  of  oxygen       —  ^i-lf> 

2  volumes  of  hydrogen  —    1.00 


17.96  parts  by  weight  of  water  are  composed  of  3.00  puti  by 
weight  of  hydrogen,  and  1 5.96  parts  of  Oxygen,  or,  expressed  centes- 
mally,  we  have — 

Oxygen    ....      S8.S6 
Hydrogen        .        .  11.14 


The  composition  of  water  by  weight  has  been  experimentally 
determined  with  great  care  by  a  number  of  chemists. 


Tlie  apparatus  shown  in  Fig.  42  represents  the  method  employed 
by  Dumas  (1B43).  When  copper  oxide  is  heated  in  a  stream  of 
hydrogen,  the  copper  oxide  is  deprived  of  its  oxygen,  which  unites 
with  the  hydrogen  to  form  water — 

CuO  +  H,  -  Cu  +  H,0. 


Dumas'  method  is  based  upon  this  reaction.  A  weighed  quantity 
of  perfectly  dry  copper  oxide  was  heated  in  the  bulb  A,  in  a  current 
of  hydrogen  generated  fix>m  zinc  and  sulphuric  acid  in  the  bottle  H, 
and  rendered  absolutely  pure  and  dry  by  its  passage  through  a 
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>f  tubes  containing  absorbents.  The  water  formed  by  the 
if  the  hydrogen  with  the  oxygen  of  the  copper  oxide,  was 
d  in  the  second  bulb,  B,  previously  weighed  ;  and  the  un- 
ied  aqueous  vapour  which  was  carried  forward  in  the  stream 
ogen,  was  arrested  in  the  weighed  tubes  which  follow.  The 
I  in  weight  of  the  bulb  B  and  the  weighed  tubes,  gave  the 
dght  of  water  produced  ;  while  the  loss  of  weight  suffered 
x>pper  oxide,  gave  the  weight  of  oxygen  contained  in  that 

The  difference  between  these  two  weights  is  the  weight 
ydrogen  that  entered  into  combination  with  the  oxygen. 
mean  of  many  experiments  it  was  found  that  in  the  forma- 

236.36  grammes  of  water,  the  oxygen  given  up  by  the 
oxide  was  2iao4  grammes. 

236.36  -  210.04  =  26.32, 

e  236.36  granunes  of  water  were  made  up  of 

Hydrogen  =    26.32 
Oxygen      =  210.04 

236.36 
10  of  hydrogen  to  oxygen  is  therefore  as  2  :  15.96. 

gen  prepared  finom  zinc  and  sulphuric  acid  is  liable  to  contain  traces  of 
ilphuretted  hydrogen.    This  is  absorbed  in  the  first  tube  containing 
broken  glass  moistened  with  a  solution  of  lead  nitrate, 
raenuretted  hydrogen     (  absorbed  in  the  second  tube,  filled  with  glass 
bosphoretted  hydrogen  (     moistened  with  silver  sulphate. 

(absorbed  in  the  third  tube,  containing  in  one  limb 
pumice  moistened  with  a  solution  of  potassium 
hydroxide,  and  in  the  other  fragments  of  solid 
potassium  hydroxide, 
i  4,  5.  6.  and  7,  containing  solid  potassium  hydroxide  and  phosphorus 
le  (the  two  latter  being  placed  in  a  freezing  mixture),  are  for  the  pur- 
ntbdrawing  every  trace  of  aqueous  vapour.  Tube  8  vras  weighed  before 
r  the  experiment,  in  order  to  test  the  absolute  dryness  of  the  hydrogen 
sred  the  bulb.  In  order  to  get  rid  of  dissolved  air,  the  dilute  sulphuric 
d  was  previously  boiled.  Tubes  9, 10, 11  were  weighed  both  before  and 
:  experiment ;  while  tube  za,  which  was  not  weighed,  was  placed  at  the 
ffwent  any  absorption  of  atmospheric  moisture  by  the  weighed  tubes. 
the  time  of  Dumas  this  subject  has  been  reinvestigated  by  other 
enters,  who  have  introduced  various  modifications  into  the  process  ; 
h  a  view  to  finding  the  weight  of  hydrogen  directly,  and  of  eliminating 
the  possible  sources  of  error  arising  from  the  presence  of  \mp\inUc&  vtv 
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thB  hjrdrageii,  the  hjikoam  hu  ban  alxxbed  bf  paDadlom.  Tlia  metal  m 
duuged  whb  b]pdrogeii.  can  be  weighed  befon  and  >fUr  Ihe  exprnmou,  Md 
the  actual  vitigkt  ti  hydTogoi  Died,  dinctly  aKcnaioed. 

McM  ncently  tbe  mouer  bai  been  toveMigMed  b]P  Soott  and  lUjpleigii,  aod 
the  rasDlu  obwiiKd  *bow  only  ttao  iHittteK  depofture  froa  the  mnAm 


Propertlea  of  Water.— Pure  water  is  &  tasteleu  and  odonden 
liquid.  When  seen  in  modente  quaDddes  it  iq>pean  to  be  cokiui- 
Icss,  but  when  viewed  throi^h  a  itratum  of  connderable  thic^nCM 


^^^^^^^^BiB 
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it  presents  a  beautiful  greenish-blue  colour.  This  colour  may  be 
seen  by  filliag  a  horizontal  tube  about  i;  feet  long  with  the  purest 
water,  and  passing  a  strong  beam  of  light  through  it  It  may  also 
be  perceived  by  directing  a  ray  of  light  through  a  tall  cylinder  of 
water  in  the  manner  shown  id  the  figure,  and  causing  it  to  be  reflected 
up  through  the  water  from  the  surfoce  of  a  layer  of  mercury  at  the 
bottom ;  the  immerging  niy,  being  then  reflected  upon  a  screen, 
shows  the  characteristic  colour  of  the  water.    By  intercepting  the 
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ay  by  a  hand  mirror  at  A,  the  white  light  can  be  thrown  upon  the 
creen,  as  a  contrast  to  the  greenish-blue  tint 

Aitkin  has  recently  shown,  that  the  presence  of  extremely  finely 
ivided  suspended  matters  in  water  will  give  to  the  liquid  the  appear- 
nce  of  a  blue  colour.  Thus,  in  tanks  where  water  is  being  softened 
y  the  addition  of  milk  of  lime,  after  the  bulk  of  the  precipitated  chalk 
•as  settled,  and  only  the  finest  particles  still  remain  suspended  in 
be  liquid,  it  is  often  noticed  that  the  water  appears  to  have  a  rich 
lue  colour.  The  wonderftil  blue  colour  of  the  waters  of  many  of 
he  Swiss  lakes  is  probably  due  in  part  to  this  optical  phenomenon, 
s  well  as  to  the  intrinsic  colour  of  the  water.  When  a  mass  of 
ure  snow,  such  as  Alls  in  high  mountainous  regions,  is  broken 
ipen  in  such  a  way  that  the  light  is  reflected  from  side  to  side  of 
he  smaD  crevice^  die  true  greenish-blue  colour  of  the  water  is  very 
naniliest. 

Water  is  compressible  to  only  a  very  slight  extent ;  thus,  under 
n  additional  pressure  of  one  atmosphere,  1000  volumes  of  water 
lecome  99919$  volumes. 

Small  as  Ihii  eomprassibillty  is,  it  exerts  an  important  influence  upon  the 
jstribndon  of  land  and  water  upon  the  earth.  It  has  been  calculated,  that 
wing  to  Ihii  eompraokMi,  where  the  ocean  has  a  depth  of  six  miles,  its  surfsioe 
I  lower  by  6Bofeet  than  it  would  be  if  water  were  absolutely  non-compressible; 
ad  calenlalad  flkom  the  afwage  depth  of  the  sea,  its  average  level  is  depressed 
16  feet.  The  effect  of  this  deprenion  of  the  sea-level  is  that  9,000,000  square 
liles  of  land  are  now  nnoovered,  which  would  otherwise  be  submerged  beneath 
be 


Water  is  an  exiiemely  bad  conductor  of  heat  A  quantity  of  water 
ontained  in  a  tube  held  obliquely,  may  be  boiled  by  the  application 
»f  heat  to  the  upper  layers,  without  appreciably  affecting  the 
emperature  of  the  water  at  the  bottom  ;  a  fragment  of  weighted 
ce  sunk  to  the  bottom  will  remain  for  a  long  time  unmelted,  while 
he  water  a  few  inches  above  it  is  vigorously  boiling.  This  low 
onductivity  for  heat  is  shared  in  common  by  all  liquids  that  are 
lot  metallic  Indeed,  Guthrie  has  shown,  that  water  conducts  heat 
letter  than  any  other  substance  which  is  liquid  at  the  ordinary 
emperature,  with  the  exception  of  mercury. 

Steam. — Under  a  pressure  of  760  nun.,  water  boils  at  100" 
seep.  113),  and  is  converted  into  a  colourless  and  invisible  gas, 
rr  vapour.  The  visible  effect  that  is  observed  when  steam  is 
dlowed  to  issue  into  the  atmosphere,  is  due  to  the  condensation  of 
the  steam  in  the  form  of  minute  drops  of  water.   What  is  popularly 
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called  steam  is  in  reality,  therefore,  not  steam,  but  an  aggv^SH^ 
tion  of  small  particles  of  liquid  water.  The  invisibility  of  steam 
is  readily  demonstrated  by  boiling  a  small  quantity  of  water  in  a 
capacious  flask ;  as  the  steam  issues  from  the  neck  it  condenses 
in  contact  with  the  cool  air  and  presents  the  familiar  appear- 
ance, but  within  the  flask  it  wiU  be  perfecdy  transparent  and 
invisible. 

lee. — ^At  a  temperature  of  o^  water  soli^fies  to  a  transparent 
crystalline  mass.  In  the  act  of  solidification,  the  water  expands 
by  nearly  ^th  of  its  volume,  lo  volumes  of  water  become  ia9o8 
volumes  of  ice :  solid  water,  therefore,  is  specifically  lighter  than 
liquid  water,  and  floats  upon  its  surface.  Water  in  this  respect  is 
anomalous,  for  in  the  case  of  most  other  substances,  the  solid  fonn 
is  denser  than  the  liquid.  The  disruptive  force  exerted  by  water  at 
the  moment  of  freezing,  is  the  cause  of  the  bursting  of  pipes  and 
other  vessels  containing  water  during  winter;  and  it  is  also  an 
important  factor  in  the  economy  of  nature,  in  the  disintegration  of 
rocks  and  of  soil  Under  certain  conditions,  water  may  be  cooled 
many  degrees  below  o"  without  solidification  taking  place.  Thus, 
if  a  small  quantity  of  water  contained  in  a  vacuous  tube  be  care- 
fully cooled  without  being  subjected  to  vibration,  its  temperature 
may  be  lowered  to  -15**  without  it  solidifying;  a  slight  shock, 
however,  at  once  causes  it  to  pass  into  the  solid  state,  when  its 
temperature  instantly  rises  to  o"  (see  p.  118).  Although  the  exact 
temperature  at  which  water  freezes  is  liable  to  uncertainty  from 
this  cause,  the  point  at  which  ice  melts  is,  under  ordinary  cir- 
cumstances, constant,  viz.,  o^  Under  increased  pressure  ice 
will  melt  at  temperatures  below  o";  thus  Mousson  found  that, 
under  a  pressure  of  13,000  atmospheres,  ice  melted  at  - 18*.  The 
melting-point  of  ice  is  lowered  by  about  aoo74"  by  each  additional 
atmosphere  of  pressure  (see  p.  1 19). 

Between  the  temperatures  of  +4"  and  ioo%  water  follows  the 
ordinary  laws  that  govern  the  expansion  and  contraction  of  liquids 
due  to  change  of  temperature ;  if  water  be  cooled  from  100*,  it 
gradually  contracts  until  the  temperature  reaches  4*.  Between 
this  point  and  o"  it  forms  a  remarkable  exception  to  the  general 
law,  for,  when  cooled  below  4",  it  slowly  expands  instead  of  con- 
tracting, and  continues  expanding  until  o**  is  reached,  when  it 
solidifies.  At  4%  therefore,  water  expands  whether  it  be  heated 
or  cooled ;  consequently,  at  this  point  it  is  denser  than  at  any 
other  temperature.     This  temperature  is  known  as  its  point  of 
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nuudmiim  density.    (The  most  accurate  observations  fix  the  exact 

P«Bt  at  3-945') 

The  following  table  shows  the  change  of  volume  sufTered  by 
water  on  being  heated  from  o*  to  8* : — 

1. 000000  volumes  at     o^  becomes 

0.999915 
0-999870 
0.999900 

IXXXXXX> 

One  cnbic  centimetre  of  water,  measured  at  its  point  of  maxi- 
UMBn  density  and  at  760  nmL»  is  the  unit  of  weight  of  the  metrical 
STStem,  and  is  called  tigramme. 

It  ii  also  at  this  temperature,  that  water  is  taken  as  the  unit 
isr  oom|Muison  of  the  densities  of  other  liquids  and  of  solids ; 
tfansa  when  it  is  stated  that  the  density,  or  specific  gravity,  of 
diamond  is  3.5,  it  is  meant  that  diamond  is  3.5  times  as  heavy 
as  an  equal  bcdk  of  water  measured  at  its  point  of  maximum 
density. 

The  &ct  that  water  has  a  point  of  maximum  density  remote  from 
its  freenng-point,  is  one  of  for-reaching  consequences  in  the  opera- 
tions of  nature. 

When  a  mass  of  water,  such  as  a  lake,  is  exposed  to  the  influence 
of  a  cold  wind,  the  superficial  layer  of  water  is  cooled,  and  thereby 
becoming  specifically  denser,  it  sinks  to  the  bottom  and  exposes  a 
fresh  sarfiio&  This  in  its  turn  has  its  temperature  lowered,  and  in 
like  manner  fiUls  to  the  bottom.  A  circulation  of  the  water  in  this 
way  is  set  op,  nndl  the  entire  mass  reaches  a  temperature  of  4^. 
At  this  point  the  further  cooling  of  the  surface-layer  causes  expan- 
sion instead  of  contraction,  and  the  colder  water  becoming  speci- 
fically lighter  now  floats  upon  the  top,  where  it  remains  until  it 
congeals.  If  water  continued  to  contract  as  its  temperature  was 
redoced  below  4*,  the  circulatory  motion  would  continue  until  the 
whole  body  of  the  water  was  cooled  to  0°,  when  solidification  of  the 
entire  mass  would  take  place.  The  reason  that  certain  very  deep 
waters  seldom  or  never  freeze,  is  because  the  duration  of  the  cold 
b  not  long  enough  to  bring  the  temperature  of  the  entire  mass 
of  the  water  down  to  4^,  and  until  that  is  effected,  no  ice  can  form 
npon  the  sur&ce. 

The  Servant  Power  of  Water.— Water  is  possessed  of  more 
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general  solvent  powers  than  any  other  liquid ;  that  is  to  say,  a  larger 
number  of  substances  are  dissolved  by  water  than  by  any  other 
liquid.  The  solvent  action  of  water  upon  gases,  liquids,  and  solids, 
in  so  far  as  it  is  shared  by  other  liquids,  has  been  dealt  with  under 
the  General  Properties  of  Liquids  (Part  I.,  chap.  xiiL). 

Water  of  Crystalll8atioiL~-When  solid  substances  are  dis- 
solved in  water,  and  the  water  afterwards  evaporated,  the  dissolved 
substance  is  frequently  deposited  in  definite  crystalline  shapes. 
Many  salts  owe  their  crystalline  nature  to  the  &ct,  that  a  certain 
number  of  molecules  of  water  have  solidified  along  with  molecules 
of  the  salt,  each  molecule  of  the  salt  being  associated  with  a  defi- 
nite number  of  molecules  of  solid  water.  The  water  molecules 
must  be  regarded  as  having  entered  into  a  feeble  chemical  union 
with  the  salt  molecule,  but  a  union  which  is  of  a  somewhat  diffe- 
rent order  from  that  which  holds  together  the  atoms  of  oxygen  and 
hydrogen  in  the  water  molecules,  or  the  atoms  composing  the  salt 
in  the  salt  molecule  (see  p.  65).  Thus,  copper  sulphate  crystallises 
associated  with  five  molecules  of  water,  CuS04,5H|0  ;  magnesium 
sulphate  with  seven,  MgSO^iTHiO.  Water  so  associated  with 
crystals  is  known  as  water  of  crystallisationy  and  the  compound 
is  called  a  hydrate. 

Many  salts  are  capable  of  crystallising  with  more  than  one  defi- 
nite number  of  molecules  of  water,  depending  upon  the  temperature 
at  which  the  crystallisation  takes  place :  thus  sodium  carbonate, 
crystallised  at  the  ordinary  temperature,  has  the  composition, 
NasCO8,10H2O  ;  while  at  temperatures  between  30°  and  50*"  the  salt 
that  is  deposited  contains  7  molecules  of  water,  NasCOs,7H20. 
Sodium  chloride,  crystallised  from  solution  at  -  7%  has  the  compo- 
sition, NaCl,2H20  ;  while  the  crystals  that  are  deposited  at  -  23** 
contain  10  molecules  of  water,  NaCl,l0H|O. 

In  such  cases  as  these,  the  particular  crystalline  form  of  the  salt 
differs  with  the  different  degrees  of  hydration.  Salts  containing 
water  of  crystallisation,  which  are  deposited  from  solution  at 
temperatures  below  0°,  are  sometimes  termed  cryohydrates. 

Many  crystalline  salts,  when  exposed  to  the  air,  lose  either  some 
or  all  of  their  water  of  crystallisation,  and  in  so  doing,  lose  their 
particular  geometric  form.  Thus,  the  salt,  Na^COsjlOHiO  (ordinary 
washing  soda),  when  freely  exposed,  gradually  loses  its  crystalline 
form  and  fidls  down  to  a  sof^  white  powder,  which  consists  of  small 
crystals  of  another  form,  having  the  composition  Na2C09,H|0. 
Thu  process  is  known  as  efflortacence^  the  crystal^  being  said  to 
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'foresee.  Other  crystals  undergo  exactly  the  reverse  change ;  they 
xmlnne  with  moisture  from  the  air,  and  pass  into  other  crystalline 
bims  containing  more  water  of  crystallisation,  or  in  some  cases 
they  absorb  suffident  moisture  to  cause  them  to  liquefy.  Such 
labitances  are  said  to  deliquesce.  This  property  of  certain  salts,  is 
made  use  of  for  withdrawing  traces  of  water  from  either  liquids  or 
gases.  Thus,  such  a  liquid  as  ether  may  be  freed  from  dissolved 
water,  by  adding  to  it  copper  sulphate  containing  one  molecule  of 
water  of  crystallisation,  CuSOf^HgO  ;  this  compound  takes  up  water 
and  passes  into  CuS04,5H|0,  and  thereby  has  the  effect  of  drying 
the  ether.  Gases  in  the  same  way  are  frequently  dried  by  being 
passed  through  tubes  contsuning  calcium  chloride  from  which  the 
water  of  crystallisation  has  been  removed.  This  substance  absorbs 
water  with  avidity,  passing  into  the  hydrated  salt  CaCI^yBHjO. 

The  characteristic  colours  of  certain  salts  are  in  many  cases 
dependent  upon  the  amount  of  water  of  crystallisation  they  contain. 
Thus  cobalt  chloride,  CoC]s,6HsO,  is  a  pink  salt.  If  it  be  gently 
heated  to  120*  it  loses  its  water,  and  becomes  CoClj,  which  has  a 
rich  blue  colour.  Solutions  of  this  salt  have  been  employed  for 
the  so-called  symfiaihetic  inJks.  The  faint  colour  of  the  pink  salt 
renders  words  written  upon  paper  with  its  dilute  solution  prac- 
tically invisible ;  but  on  warming  the  paper,  and  thereby  expelling 
the  water  from  the  salt,  the  written  characters  appear  in  a  blue 
colour,  which  again  disappears  as  the  salt  is  allowed  to  rehydrate 
itself  by  exposure  to  the  air. 

One  of  the  most  striking  examples  of  this  change  of  colour 
resulting  from  varying  proportions  of  water  of  crystallisation,  is  seen 
in  the  salt  magnesium  platino-cyanide,  which  crystallises  under 
ordinary  circumstances  as  a  bright  scarlet  salt  with  seven  molecules 
of  water,  MgPt(CN)4,7H|0.  When  this  salt  is  heated  to  about  50** 
it  loses  two  molecules  of  water,  and  is  converted  into  a  canary- 
yellow  salt,  MgPt(CN)|,5H20.  If  the  temperature  be  raised  to 
100^  the  yellow  salt  becomes  white  by  the  loss  of  four  more  mole- 
cules, the  composition  of  the  white  salt  being  MgPt(CN)4,2H20. 
When  a  solution  of  the  salt  is  carefully  evaporated  to  dryness  in 
a  dish  and  gently  warmed,  these  colour  changes  will  be  rendered 
evident ;  and  upon  exposing  the  dried  and  white  residue  to  the  air, 
or  by  gently  breathing  into  the  dish,  the  salt  rehydrates  itself,  and 
is  converted  into  the  crimson  compound  having  seven  molecules 
of  water. 

Many  salts  cdA  h^ve  their  combined  water  withdrawu  b^  po>NW- 

1( 
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ful  dehydrating  agents ;  thus,  if  a  crystal  of  copper  sulphate  (^  bine 
vitriol,"  CuS04,5HsO)  be  inunersed  in  strong  sulphuric  add,  the 
acid  abstracts  four  out  of  the  five  molecules  from  the  salt,  leaving 
the  nearly  white  salt  CuSO^jHsO ;  or  when  alcohol  is  added  to  a 
solution  of  cobalt  chloride,  or  to  crystals  of  the  salt,  CoC1^6H/)^ 
the  alcohol  abstracts  water,  and  the  solution  becomes  blue. 

When  salts  containing  water  of  crystallisation  are  heated,  it 
frequently  happens  that  a  portion  of  the  water  is  more  easily  parted 
with  than  the  remainder.  Thus  copper  sulphate,  CuS04,5H|0, 
when  heated  to  loo*,  parts  with  four  molecules  of  water,  leaving  the 
salt  CuS04,H|0 ;  and  in  order  to  drive  off  this  one  remaining  mde- 
cule,  the  temperature  must  be  raised  above  200*.  Zinc  sulphate 
(or  white  vitriol),  ZnS04,7H20,  in  like  manner  loses  six  molecules  dL 
water  at  100",  but  retains  the  seventh  until  a  temperature  of  240"  is 
reached.  In  order,  therefore,  to  distinguish  between  the  water  that 
is  more  firmly  held  and  that  which  is  readily  parted  with,  the  terai 
waUr  of  constitution  is  frequently  applied  to  the  fonxier,  and  the 
fact  is  sometimes  expressed  in  notation  in  the  following  manner : — 

CuS04H80,4H80 ;  ZnS04H,0,6H,0. 

Natural  Waters. — On  account  of  the  great  solvent  powers  of 
water,  this  compound  is  never  found  upon  the  earth  in  a  state  of 
absolute  purity  ;  even  rain,  as  it  falls  in  regions  far  removed  from 
the  dirty  atmosphere  of  towns,  not  only  dissolves  the  gases  of  the 
atmosphere,  but  also  small  quantities  of  those  suspended  matters 
which  are  always  present  in  the  air.  As  soon  as  the  rain  reaches 
the  earth,  the  water  at  once  exerts  its  solvent  action  upon  the 
mineral  matter  constituting  the  portion  of  the  earth's  crust  over 
which  it  flows,  and  through  which  it  percolates,  and  the  liquid  is 
rapidly  rendered  less  and  less  pure  as  it  travels  on  its  course  to 
lake  or  ocean. 

Natural  waters  may  be  broadly  divided  into  two  classes,  based 
upon  the  amount  of  dissolved  impurities  they  contain.  If  the  sub- 
stances in  solution  are  present  in  excessive  quantities,  or  to  such  an 
extent  as  to  be  perceptible  to  the  taste,  the  water  is  said  to  be  a 
mineral  water;  while,  on  the  other  hand,  waters  that  are  not  so 
rich  in  dissolved  impurities  are  known  ^s  fresh  waters. 

Mineral  Waters. — The  most  exaggerated  examples  of  mineral 
waters  are  to  be  found  in  sea  water,  and  in  the  waters  of  certain 
lakes,  which,  having  no  outlet,  are  fulfilling  the  purpose  of  enormous 
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evaporating  tMisms,  in  which  the  waters  that  flow  into  them  are 
undergoing  evaporation  and  therefore  concentration ;  such,  for 
enmplCy  as  the  salt  lakes  of  Egypt,  the  Elton  lake  in  Russia,  and 
the  Dead  Sea.  In  waters  of  this  description  the  total  quantity  of 
dissolved  solid  matter  is  very  considerable,  and,  as  in  the  case  of  the 
Dead  Sea,  is  often  deposited  in  crystalline  masses  round  the  shores 
of  the  lake.  The  following  table  gives  the  total  amount  of  dissolved 
nfine  matter  contained  in  1000  grammes  of  certain  of  these  waters : — 

Irish  Sea 33-36 

Mediterranean  Sea  40.0 

Dead  Sea 228.57 

Elton  Lake 271.43 

As  a  typical  example  of  a  sea  water,  the  composition  of  the  water 
of  the  British  Channel  may  be  quoted ;  1000  grammes  of  this  water 
contain — 

Sodium  chloride 27.059 

Magnesium  chloride       ....  3.666 

Magnesium  sulphate      ....  2.296 

Caldum  sulphate 1.406 

Potassium  diloride 0.766 

Caldum  carbonate 0.033 

Magnesium  bromide       ....  0.029 

35.255 

Water 964.745 

1000.000 

Passing  from  these  highly  concentrated  mineral  waters,  we  find 
a  large  number  of  spring  waters  which  are  dassed  as  mineral^  not 
because  the  total  quantity  of  foreign  matter  in  solution  is  excessive, 
but  rather  because  they  contain  an  abnormally  large  proportion  of 
a  few  special  substances.  Thus,  large  quantities  of  magnesium 
sulphate,  and  chloride,  are  found  in  such  springs  as  those  at 
Epsom  and  Friedrichshall.  Others  are  found  to  contain  consider- 
able quantities  of  sodium  sulphate  and  sodium  carbonate ;  while 
those  known  as  chalybeate  waters,  contain  ferrous  carbonate  in  solu- 
tion. Spring  waters  that  are  charged  with  unusual  quantities  of 
soluble  gases,  are  likewise  placed  in  the  category  of  mineral  waters, 
such  as  the  waters  of  Apollinaris  and  Seltzer,  containing  large 
quantities  o/ca/iKuidyox/c/e;  and  the  sulphur  springs  at  Haiio^^X^ 
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and  Aachen,  which  hold  in  solution  sulphuretted  hydrogen  as  well 
as  alkaline  sulphides. 

Fresh  Waters. — The  purest  form  of  natural  water  is  rain  water. 
The  average  weight  of  solid  matter  dissolved  in  rain  water,  collected 
in  the  country  and  in  perfectly  clean  vessels  upon  which  it  exerts 
no  solvent  action,  is  found  to  be  0.0295  P&i^  ^Q  1000  parts  of  water. 
Collected,  in  or  near  towns,  rain  water  always  contains  a  larger 
amount  of  dissolved  impurities,  such  as  nitrates,  sulphates,  anuno- 
niacal  salts,  and  often  considerable  quantities  of  sulphuric  acid :  it 
is  the  acid  nature  of  the  rain  that  causes  so  much  damage  to  stone 
buildings. 

The  nature  and  extent  of  the  contamination  that  rain  water 
suffers  after  it  has  fallen,  must  obviously  depend  very  largely  upon 
geographical  and  geological  circumstances,  and  therefore  there 
are  no  special  features  that  are  distinctly  characteristic  of  waters 
from  rivers,  lakes,  or  springs. 

Thus,  the  total  solid  impurity  in  1000  parts  of  water  from  the 
river  Dee  at  Aberdeen  is  0.057,  while  that  contained  in  the  Thames 
is  0.30  parts. 

The  water  of  Loch  Katrine  only  contains  0.032  parts  of  solid 
matter  dissolved  in  1000  parts,  while  that  of  Elton  lake  contains  as 
much  as  271.43. 

The  same  wide  differences  are  also  seen  in  spring  waters  from 
diflferent  geological  strata.  Spring  waters  from  granite  and  gneiss 
rocks,  contain  on  an  average  0.059  parts  of  dissolved  solid  matter 
in  1000  parts,  while  those  from  magnesian  limestone  average  as 
much  as  0.665  parts.  As  a  broad  general  rule,  river  waters  are 
found  to  contain  less  solid  matter  in  solution  than  spring  waters, 
and  these  in  their  turn  less  than  deep  well  waters.  Thus,  com- 
paring waters  from  different  sources,  and  selecting  only  such 
samples  as  are  known  to  be  free  from  pollution  from  either  sewage 
matter  or  other  abnormal  impurities,  it  will  be  seen  that,  with 
regard  to  the  dissolved  solid  matter  they  contain,  they  fall  in  the 
following  order — 

Toted  Solid  Impurity  Dissolved  in  1000  Parts  of 
Unpolluted  Waters, 

Rain  water  (average  of  39  samples)         .  .  .0295 

Rivers  and  lakes  (average  of  195  samples)  .  .0967 

Spring  waters  (average  of  198  samples)  .  .  .2820 

'Dtt,^  well  waters  (average  of  1 57  samples)  .  .4378 
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Hardness  of  Water. — Certain  of  the  salts  that  are  very  fre- 
quently present  as  impurities  in  natural  waters,  give  to  these 
waters  the  property  that  is  known  as  hardness.  The  chief  com- 
pounds that  produce  this  effect,  are  the  salts  of  lime  and  magnesia. 
The  term  hardness  is  applied  to  such  waters,  on  account  of  the 
difficulty  of  obtaining  a  lather,  with  soap,  in  the  ordinary  process 
of  washing.  Pure  soap  may  be  regarded  as  a  mixture  of  the 
sodium  salts  of  certain  fatty  acids  (oleic,  stearic,  palmitic,  &c.), 
vhich  are  soluble  in  pure  water.  In  the  presence  of  salts  of  lime 
and  magnesium  the  soap  is  decomposed ;  and  an  insoluble  curdy 
precipitate  is  formed,  by  the  union  of  the  fatty  acid  of  the  soap 
«ith  the  lime  and  magnesium  of  the  salts.  Until  the  whole  of  the 
hardening  salts  have  in  this  way  been  thrown  out  of  solution,  no 
lather  can  be  obtained,  and  the  soap  is  useless  as  a  cleansing  agent ; 
but  as  soon  as  this  point  is  reached,  the  addition  of  any  further 
quantity  of  soap  at  once  raises  a  lather  on  the  water,  and  the  soap 
is  capable  of  acting  as  a  detergent  This  process  of  precipitating 
the  salts  of  lime  and  magnesium  is  known  as  softenings  and  in  this 
instance  the  water  is  softened  at  the  expense  of  the  soap. 

Hard  waters  often  become  less  hard  after  being  boiled  for  a 
short  time,  and  this  hardness  which  is  so  removed  is  termed  the 
temporary  hardness.  The  degree  of  hardness  which  the  water  still 
possesses  after  prolonged  boiling,  is  distinguished  by  the  term 
permanent  hardness.  The  diminution  of  the  total  hardness  of  a 
water  by  boiling,  is  due  to  the  fact  that  the  soluble  acid  carbonates 
of  lime  and  magnesium  are  decomposed  during  this  process,  into 
water,  carbon  dioxide  (which  escapes  as  gas),  and  the  practically 
insoluble  normal  carbonates  of  these  metals ;  thus,  in  the  case  of  the 
lime  salt — 

CaH^COs),  =  H,0  +  COj  +  CaCOj. 

When  such  a  water  is  boiled,  the  calcium  carbonate  is  thrown  down 
as  a  white  precipitate,  which  gradually  collects  upon  the  bottom 
of  the  containing  vessel.  The  "  furring  "  of  kettles,  and  the  forma- 
tion of  calcareous  deposits  in  boilers,  is  largely  due  to  this  cause. 

In  the  case  of  waters  that  are  highly  charged  with  calcium  car- 
bonate, held  in  solution  by  dissolved  carbonic  acid,  this  deposition 
of  calcium  carbonate  may  even  take  place  at  the  ordinary  tempe- 
rature, owing  to  the  diffusion  of  the  dissolved  carbon  dioxide  into 
the  air.  It  is  in  this  way  that  those  remarkable,  and  o(let\  \Mia.w\\- 
fully  fantastic,  formations,  known  as  s/a/ac/i/es,  have  been  ptoduct^ 
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in  certain  subterranean  caves.  Water  charged  with  the  soluble 
calcium  carbonate,  in  slowly  dropping  from  the  roof  of  such  a  cave, 
loses  a  portion  of  its  dissolved  carbon  dioxide,  and,  in  consequence^ 
deposits  a  certain  amount  of  the  calcium  carbonate  which  was  in 
solution.  Each  drop,  as  it  slowly  forms,  adds  its  little  share  of 
calcium  carbonate  to  the  deposit,  which  thereby  gradually  grows, 
much  as  an  icicle  grows,  as  a  dependent  mass  called  a  stalactite. 
Whether  the  water  that  drops  from  the  stalactite  has  deposited 
the  whole  of  its  calcium  carbonate,  will  depend  largely  upon  the 
time  occupied  by  each  drop  in  gathering  and  dropping ;  if,  as  often 
happens,  the  whole  has  not  been  precipitated,  the  remainder  is 
deposited  upon  the  floor  of  the  cave,  and  a  growing  colunm  di 
calcium  carbonate,  called  a  stalagmiU^  gradually  rises  from  the 
ground  until  it  ultimately  meets  the  stalactite. 

Clark's  Process  for  Softening  Water.— Waters  whose  hard- 
ness is  due  to  the  presence  of  the  carbonates  of  lime  and  magne- 
sium, can  be  deprived  of  their  hardness  by  the  addition  to  them  of 
lime.  The  amount  of  hardness  is  first  estimated,  and  such  an 
amount  of  milk  of  lime  is  then  added  as  is  demanded  by  the  follow- 
ing equation  : — 

CaHjCCOs)^  +  CaO  =  HjO  +  2CaCOs. 

In  this  way,  the  soluble  lime  salt  is  converted  into  the  insoluble 
normal  carbonate,  which  settles  to  the  bottom  of  the  tank. 

The  salts,  which  are  mainly  instrumental  in  causing  the  per- 
manent hardness,  are  the  sulphates  of  lime  and  magnesium.  The 
degree  of  hardness  and  its  particular  order,  that  is,  whether  tempo- 
rary or  permanent,  will  obviously  be  determined  entirely  by  the 
particular  geological  formation  from  which  the  water  is  derived. 

Potable  Waters. — Undoubtedly  the  most  important  use  to 
which  water  is  put,  is  its  employment  as  an  article  of  food  to  man, 
and  since  it  has  been  proved  beyond  dispute  that  many  virulent 
diseases,  such  as  cholera,  typhoid  fever,  and  others  are  propagated 
through  the  medium  of  drinking-water,  it  becomes  a  matter  of  the 
greatest  sanitary  importance  that  the  waters  supplied  for  this  pur- 
pose should  be  as  pure  as  possible.  Excepting  in  very  rare  in- 
stances, where  poisonous  mineral  matters  accidentally  gain  access 
to  drinking-water  (as  for  example,  in  the  case  of  certain  waters 
which  are  capable  of  attacking,  and  to  a  slight  extent  dissolving, 
the  lead  of  the  pipes  through  which  lYve^  ma'^f  >ot  passtfi^^^^  ^VA 
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matters  that  are  usually  found  in  waters  are  not  injurious  to  health. 
The  living  geixns  or  badlli,  through  whose  agency  zymotic  diseases 
are  cansed,  cannot  be  detected  in  a  sample  of  water  by  any  direct 
dMsmical  or  microscopical  analysis.  A  specimen  of  pure  distilled 
water  might  be  artificially  contaminated  with  such  organisms  so  as 
10  oonstitate  it  a  most  virulent  poison,  and  still  chemical  analysis 
vould  fail  to  detect  the  danger,  and  the  water  would  be  pronounced 
pore.  Chemical  analysis  can,  however,  reveal  the  presence  of 
emementitious  matter,  and  also  of  the  diaracteristic  products  re- 
sulting from  its  decomposition  :  it  can  with  certainty  detect  in  the 
water  the  evidence  of  recent  contamination  with  sewage  matters, 
and  it  can  also,  with  considerable  precision,  trace  the  evidences 
of  its  having  been  so  contaminated  at  an  earlier  stage  of  its  history. 
It  cannot,  however,  distinguish  between  pollution  with  healthy,  and 
with  infected  excreta,  and  therefore  it  is  necessary  to  regard  with 
the  greatest  suspicion  any  water  to  which  sewage  has  at  any  time 
gsuned  access.  Waters  that  are  made  use  of  for  drinking  purposes 
may  be  classified  in  the  following  order : — 


.  .|i 


I.  Spring  water. 
Safe     .    .   {  3.  Deep  well  water. 

3.  Mountain  rivers  and  lakes. 

e  (4-  Stored  rain  water. 

^  (5.  Surfiaice  water  from  cultivated  land. 

r^  (6.  River  water  to  which  sewage  gains  access. 

Dangerous  -{^1.11  n      * 

(7.  Shallow  well  water. 

HYDBOOEN  PEBOZn)E. 

Formula,  H^O), 

OeeUfPeiiOe* — ^This  compound  is  occasionally  found  in  small 
quantities  in  the  atmosphere,  and  also  in  dew  and  rain. 

Modes  of  Formation. — (i*)  Hydrogen  peroxide  is  produced  in 
small  quantities  during  the  burning  of  hydrogen  in  the  air.  If  a 
jet  of  burning  hydrogen  be  caused  to  impinge  upon  the  surface  of 
water,  the  temperature  of  which  is  not  allowed  to  rise  above  20°, 
the  water  will  be  found,  after  a  short  time,  to  contain  hydrogen 
peroxide.* 

*  Ssp  "  CbemicsU  I^ecture  Experiments,"  p.  7a. 
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(2.)  This  compound  is  also  produced  by  the  decompositkm  of 
barium  peroxide  by  carbonic  acid.  For  this  purpose  a  stream  of 
carbon  dioxide  is  passed  through  ice  cold  water,  into  which  fixn  \ 
time  to  time  small  quantities  of  barium  peroxide  are  stirred  \ 
Barium  carbonate  is  precipitated,  and  a  dilute  aqueous  solution  of  ^ 
hydrogen  peroxide  is  obtained — 

BaOs  +  H,CO,  -  BaCO,  +  H,0,. 

(3.)  Barium  peroxide  may  be  decomposed  by  either  hydrochloric^ 
sulphuric,  silicofluoric,  or  phosphoric  add.  Whichever  add  be 
employed,  the  barium  peroxide,  previously  mixed  with  a  small 
quantity  of  water,  is  added  gradually  to  the  add ;  which,  in  the  casft 
of  either  hydrochloric  or  sulphuric  add,  should  be  diluted  with  from 
five  to  ten  times  its  volume  of  water.  The  temperature  of  the 
mixture  is  not  allowed  to  rise  above  2o\  Thus,  in  the  case  of 
hydrochloric  acid — 

BaO,  +  2HC1  =  BaCI,  +  HjO^ 

the  soluble  barium  chloride  is  removed  by  the  addition  of  sulphuric 
acid,  whereby  barium  sulphate  is  precipitated,  and  hydrochloric 
acid  formed — 

BaCl,  +  HjSO^  =  BaS04  +  2HCL 

The  hydrochloric  acid  may  be  removed  by  adding  a  solution  of 
silver  sulphate,  which  predpitates  silver  chloride,  leaving  sulphuric 
add  in  solution — 

2HC1  +  AgjSO^  =  2AgCl  +  HJSO4. 

And,  lastly,  the  free  sulphuric  acid  is  withdrawn  by  the  addition  of 
barium  carbonate— 

HjS04  +  BaCOj  =  BaS04  +  H,0  +  CO,. 

When  sulphuric  is  employed  for  the  decomposition  of  barium 
peroxide,  the  crystallised,  or  hydrated  peroxide  (BaO^SH^OX  is 
most  advantageous  for  the  purpose.  This  salt,  made  into  a  paste 
with  water,  is  gradually  added  to  the  diluted  and  cooled  add,  until 
the  acid  is  nearly  but  not  quite  neutralised.  The  slight  excess  of 
acid  is  removed  by  the  addition  of  the  exact  quantity  of  barium 
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bydrozide  (baryta-water)  necessary  to  neutralise  it,  and  the  insoluble 
birimn  sulphate  is  removed  by  filtration.  On  a  large  scale  silico- 
flooric  add,  or  phosphoric  acid,  is  usually  employed,  preferably  the 
latter,  as  it  is  found  that  small  quantities  of  free  phosphoric  acid 
in  h>'drogen  peroxide  greatly  retard  its  decomposition. 

(4.)  Hydrc^en  peroxide  is  also  readily  obtained  by  decomposing 
potassium  peroxide  by  means  of  tartaric  acid.  The  potassium 
penndde  is  added  to  a  cooled  strong  aqueous  solution  of  tartaric 
add,  when  potassium  tartrate  separates  out,  and  an  aqueous  solu- 
tioo  of  hydrogen  peroxide  is  obtained 

{5.)  When  small  quantities  of  hydrogen  peroxide  are  required 
fDrthe  purpose  of  illustrating  its  properties,  it  is  most  conveniently 
obtained  by  adding  sodium  peroxide  to  dilute  and  well-cooled 
bfdiochloric  acid,  whereby  sodium  chloride  and  hydrogen  per- 
oxide are  formed,  both  of  which  remain  in  solution — 

Na,0,  +  2HC1  =  2NaCl  +  HjOj. 

(6.)  Hydrogen  peroxide  is  formed  in  considerable  quantity  when 
(Bone  b  passed  through  ether  floating  upon  water.  Probably  a 
perooddised  compound  of  ether  is  first  produced,  which  is  then 
decomposed  by  the  water.  This  production  of  hydrogen  peroxide 
may  readily  be  demonstrated  by  placing  a  small  quantity  of  water 
and  ether  in  a  beaker,  and  suspending  into  the  vapour  a  spiral  of 
platinum  wire  which  has  been  gently  heated.  The  combustion  of 
the  ether  vapour  upon  the  wire,  whereby  the  latter  is  maintained 
at  a  red  heat,  is  attended  with  the  formation  of  ozone,  and  this 
acting  upon  the  ether,  as  already  described,  results  in  the  pro- 
duction of  hydrogen  peroxide,  which  may  be  detected  in  solution 
in  the  water. 

(7.)  In  small  quantities,  hydrogen  peroxide  is  produced  when 
moist  ether  is  exposed  to  the  action  of  oxygen,  under  the  prolonged 
influence  of  sunlight 

Properties. — The  dilute  aqueous  solution  of  hydrogen  peroxide, 
obtained  by  the  foregoing  methods,  is  concentrated  by  evaporation 
o\-er  sulphuric  add  in  vacuo.  In  the  pure  condition  it  is  a  colour- 
less and  odourless,  syrupy  liquid,  having  an  extremely  bitter  and 
metallic  taste.  The  specific  gravity  of  the  liquid  is  1.4532.  The 
substance  is  extremely  unstable,  giving  up  some  of  its  oxygen  even 
at  temperatures  as  low  as  -  20**,  and  decomposing  with  explosive 
nolcnce  when  heated  to  100".      Hydrogen    peroxide   b\eAc\\es 
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organic  colours,  but  less  rapidly  than  chlorine^  When  placed 
upon  the  skin  it  destroys  the  colour,  and  gives  rise  to  an  irritath^ 
blister.  When  diluted  with  water,  and  espedally  if  rendered  add^ 
the  compound  is  for  more  stable,  and  in  this  condition  may  be 
preserved  at  the  ordinary  temperature  for  a  considerable  length  of 
time.  When  such  an  aqueous  solution  is  strongly  cooled,  it  deposits 
ice,  and  in  this  way,  by  the  removal  of  the  frozen  water,  the  solo- 
tion  may  be  concentrated ;  hydrogen  peroxide  itself  remains  liquid 
at  -  30^  When  heated  the  solution  is  decomposed  into  water 
and  oxygen — 

HA  -  H,0  +  O. 

Owing  to  the  readiness  with  which  hydrogen  peronde  gives  op 
the  half  of  its  oxygen,  and  is  converted  into  water,  its  properties 
are  generally  those  of  a  powerful  oxidising  agent  It  liberates 
iodine  from  potassium  iodide ;  it  converts  sulphurous  add  into 
sulphuric  acid,  and  oxidises  lead  sulphide  into  lead  sulphate.  Its 
action  upon  lead  sulphide  is  made  use  of,  in  restoring  something 
of  the  original  brilliancy  to  oil  paintings  that  have  become  dis- 
coloured. The  "  white-lead "  used  in  oil  paints  is  gradually  con- 
verted into  lead  sulphide  when  such  paintings  are  exposed  to  air, 
especially  the  air  of  towns,  which  is  liable  to  contain  small 
quantities  of  sulphuretted  hydrogen.  Lead  sulphide  being  black, 
the  picture  slowly  assumes  a  uniformly  dark  colour,  until  it  is 
finally  quite  black.  When  such  a  discoloured  picture  is  washed 
over  with  dilute  hydrogen  peroxide,  the  black  sulphide  is  oxidised 
into  the  white  lead  sulphate— 

PbS  +  4HjO,  =  4H,0  +  PbSO|. 

This  compound  is  employed  for  bleaching  articles  that  would 
suffer  injury  by  the  use  of  other  bleaching  agents,  such  as  ivory, 
feathers,  and  even  the  teeth. 

Hydrogen  peroxide  is  also  capable  of  oxidising  hydrogen,  when 
that  element  in  the  nascent  condition  is  brought  in  contact  with 
this  compound.  Thus,  if  a  dilute  acidulated  solution  of  hydrogen 
peroxide  be  subjected  to  electrolysis,  oxygen  will  be  evolved 
from  the  positive  electrode,  but  no  gas  will  be  disengaged  at  tHe 
negative  pole.  The  hydrogen,  in  the  presence  of  the  hydrogen 
peroxide,  is  oxidised  into  water — 
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Hydrogen  peroxide,  in  many  of  its  reactions,  appears  to  act  as  a 
deondising  agent ;  thus,  manganese  dioxide  in  contact  with  this 
sobstance  is  reduced  to  manganous  oxide — 

MnO,  +  H,0,  =  MnO  +  O,  +  HjO. 

Similaily  niver  oxide  is  reduced  to  metallic  silver  with  the 
efolutiofi  of  oxygen — 

Ag,0  +  H,0,  -  Ag,  +  O,  +  HjO. 

In  like  manner,  when  ozone  is  acted  upon  by  hydrogen  per- 
oxide, a  reaction  takes  place  exactly  analogous  to  that  with  silver 
onde^  which  will  be  the  more  obvious  if  the  formula  for  ozone  be 
written  O3O  instead  of  O3,  thus — 

0,0  +  H,0,  -  O,  +  O,  +  HjO. 

Although,  in  a  sense,  these  reactions  may  be  regarded  as  reduc- 
img^  or  deoxidising^  actions,  in  essence  they  are  not  different  from 
tbue  which  have  been  given  as  illustrative  of  the  oxidising  power 
of  hydrogen  peroxide.  It  will  be  seen  that  they  all  depend  upon 
the  readiness  with  which  the  compound  parts  with  an  atom  of 
oxygen,  but  that  in  these  latter  cases  the  oxygen  that  is  so  given 
up  is  engaged  in  oxidising  another  atom  ofoxygen^  contained  in  the 
other  oomponnd.  Thus,  in  the  case  of  silver  oxide,  its  atom  of 
oxygen  is  oxidised  by  the  liberated  oxygen  from  the  hydrogen 
peroxide,  and  converted  into  the  complete  molecule  of  cycygen. 
By  these  reactions  BnkUe  first  demonstrated  the  dual,  or  di- 
atomic, character  of  the  molecule  of  oxygen. 

When  hydrogen  peroxide  is  added  to  a  dilute  acidulated  solution 
of  potassium  dichromate,  a  deep  aziue-blue  solution  is  obtained 
(see  Chromium),  which  affords  a  delicate  test  for  this  com- 
pound. To  apply  the  test,  the  dilute  hydrogen  peroxide  is  shaken 
up  with  ether,  and  being  soluble  in  this  liquid,  the  ethereal  layer 
which  rises  to  the  surface  will  contain  nearly  the  whole  of  the 
penudde ;  a  few  drops  of  acidulated  potassium  dichromate  are 
then  added,  and  the  mixture  again  shaken,  when  the  ethereal 
liqiud  will  separate  as  a  blue  layer.  In  this  way,  the  presence  of 
oxxxn5  grammes  of  hydrogen  peroxide  in  20  cc.  of  water  can 
be  detected 

Hydrogen  peroxide  is  decomposed  by  contact  with  matvy  sub- 
stances  which  themselves  do  not  combine  with  the  oxygetv  *,  \\v\3ls 
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charcoal,  finely  divided  palladinm,  platinum,  mercury,  and  notably 
silver,  when  brought  into  hydrogen  peroxide,  determine  its  decom- 
position into  water  and  oxygen,  thd  rapidity  of  the  action  being 
increased  if  the  liquid  be  made  alkaline.  The  action  is  doubtless 
catalytic,  although  in  all  cases  the  exact  modus  operandi  is  not 
clearly  understood.  In  the  case  of  silver  it  is  believed  that  silver 
oxide  (perhaps  peroxide)  is  first  formed,  and  then  decomposed, 

thus — 

Ag,  +  H,0,  -  H,0  +  Ag,0 

AgjO  +  H,Oj  =  H,0  +  Oj  +  Ag,. 

When  hydrogen  peroxide  is  added  to  solutions  of  the  hydroxides 
of  barium,  strontium,  or  calcium,  the  peroxide  of  the  metal  is 
precipitated — 

Ba(HO),  +  H,0,  «  2H,0  +  BaO^ 

The  compound  is  deposited  in  crystals  having  the  composition 
BaO^SHjO. 

With  the  hydroxides  of  the  alkali  metals,  the  peroxide  (which  is 
soluble  in  water)* may  be  precipitated  by  the  addition  of  alcohol; 
when  in  the  case  of  sodium  peroxide,  crystals  are  obtained  of 
Naj0^8H,0. 

Hydrogen  peroxide  is  a  useful  antiseptic :  it  possesses  the  ad- 
vantages of  being  firee  from  smell,  without  poisonous  or  injurious 
action  upon  the  system,  and  of  leaving  as  a  residue,  after  having 
furnished  its  available  oxygen,  only  water. 


CHAPTER  IV 
NITROGEN 

Symbol,  N.    Atomic  weight  =  14.01.    Molecular  weight  =  28.02. 

History. — Nitrogen  was  discovered  by  Rutherford  in  1772.  He 
showed  that  when  an  animal  is  placed  in  a  confined  volume  of  air 
for  some  time,  and  the  air  afterwards  treated  with  caustic  potash, 
to  absorb  from  it  the  carbon  dioxide  (''fixed  air"))  there  still 
remained  a  gas  which  was  incapable  of  supporting  either  respira- 
tion or  combustion.  He  called  the  gas  vtephitic  air,  Scheele  was 
the  first  to  recognise  that  thil  gas  was  a  constituent  of  the  air. 
Lavoiaer  applied  the  name  ctzote  to  the  gas,  to  denote  its  inability 
to  support  life.  The  name  rdtrogeny  signifying  the  nitre-producer, 
was  suggested  by  Chaptal,  from  the  fact  that  the  gas  was  a  con- 
stituent of  nitre. 

Oceorrenee. — In  the  free  state  nitrogen  is  present  in  the  atmos- 
phere, of  which  it  forms  about  four-fifths.  Certain  nebulae  have 
been  shown,  by  spectroscopic  observation,  to  contain  nitrogen  in 
the  uncombined  condition.  In  combination,  nitrogen  is  found  in 
ammonia,  in  nitre  (potassium  nitrate),  and  in  a  great  number  of 
animal  and  vegetable  compounds. 

Modes  of  Formation. — (i.)  Nitrogen  is  very  readily  obtained 

from  the  atmosphere,  by  the  abstraction  of  the  oxygen  with  which 

it  is  there  mixed.*    This  is  conveniently  done  by  burning  a  piece 

of  phosphorus  in  air,  confined  over  water.    The  phosphorus  in 

burning  combines  with  the  oxygen,  forming  dense  white  fumes  of 

phosphorous  pentoxide,  which  gradually  dissolve  in  the  water,  and 

nitrogen  remains  in  the  vessel    The  nitrogen  obtained  in  this  way 

is  never  quite  pure,  for  the  phosphorus  becomes  extinguished 

before  the  oxygen  is  entirely  removed ;  and  also  the  gas  will 

contain  atmospheric  carbon  dioxide. 

(2.)  Nitrogen  in  a  pure  state  can  be  prepared  from  the  atmos- 

*  Experiments 24s,  246,  "Chemical  Lecture  Experuuenls,** 
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phere,  by  passing  a  stream  of  pure  air  over  metallic  oc^iper- 
contained  in  a  combustion  tube,  and  heated  to  redness  in  a  fbroaoei 
The  air  is  contained  in  a  gas-holder,  and  is  passed  through  two 
U -tubes,  the  first  containing  potassium  hydroxide  (caustic  potashX 
in  order  to  absorb  the  carbon  dioxide ;  and  the  second  filled  with 
fragments  of  pumice  moistened  with  sulphuric  acid,  in  order  to 
arrest  the  aqueous  vapour.  The  purified  air,  on  passing  over  the 
heated  copper,  is  deprived  of  the  whole  of  its  oxygen,  cupiic  osde^ 
CuO,  being  formed,  while  pure  nitrogen  passes  on  and  may  be 
collected. 

(3*)  Oxygen  is  rapidly  absorbed  by  a  solution  of  cuprous  chloride 
in  hydrochloric  acid ;  a  ready  method,  therefore,  of  obtaixung 
nitrogen  from  the  air,  is  to  place  a  quantity  of  this  solution  in  a 
stoppered  bottle,  and  shake  it  up  with  the  contained  air.  The 
colourless  cuprous  chloride  solution  quickly  absorbs  the  oxygen, 
becoming  dark  in  colour,  and  being  converted  into  cupric  chloride, 
the  nitrogen  of  the  air  remaining  in  the  bottl< 


CujCl,  +  2HC1  +  O  =  H,0  +  2CuCl^ 

(4.)  Nitrogen  is  obtzuned  by  heating  a  strong  solution  of  ammo- 
nium nitrite  in  a  flask,  the  salt  splitting  up  into  water  and  nitrogen — 

NH4NO,  «  2H,0  -^  N^ 

In  practice  it  is  found  more  convenient  to  employ  a  mixture  of 
ammonium  chloride  and  sodium  nitrite — 

NH4CI  +  NaNOa  =  NaCl  +  2H,0  +  N^ 

(5.)  By  heating  a  mixture  of  ammonium  nitrate  and  anunonium 
chloride,  a  mixture  of  nitrogen  and  chlorine  is  evolved  ;  the  latter 
gas  may  be  absorbed,  by  passing  the  mixture  through  either  milk 
of  lime,  or  a  solution  of  sodium  hydroxide — 

2NH4NOJ  +  NH4CI  =  6N  +  CI  +  6H,0. 

(6.)  Nitrogen  is  also  evolved  when  ammonium  chromate,  or  a 
mixture  of  potassium  dichromate  and  ammonium  chloride,  is 
heated — 

(NH4)2Cr,Or  =  CrjO,  +  4H,0  +  N„ 
or — 

K,Cr,07  +  2NH4CI  =  Cr^O^  ^  2KCI  -f  4H^O  +  N» 


Nitrogen 


(7.}  NVhcD  ammonia  is  acted  upon  by  chlorine,  it  is  decomposed, 
ihe  chlorine  combining  with  the  hydrogen  to  form  hydrochloric 
add,  and  the  aitrogen  being  liberated — 

2NH,  +  3C1,  =  eHCl  +  N^ 


If  the  chlorine  be  passed  into  a  strong  solution  of 

hydrochloric  add  which  is  produced  combines  with  the 

i,  foiwing  anunonitun  chloride  ;  thus — 


8NH,  +  3CI,  -  6NH,a  +  N, 

The  chlorine,  alter  bang  washed  by  passing  through  w^vr,  \% 
bubbled  throtigh  strong  aqueous  ammonia  contained  in  a  Vr  Jf's 
bottle.     As  each  bubble  of  chlorine  enters  into 


combination  is  attended  by  a  feeble  yellowish  flash  of  lif;hi  ml  :i 
rapid  stream  of  nitrogen  is  evolved.  The  nitrogen,  which  sanies 
with  it  dense  white  fumes  ofammonium  chloride,  should  be  sc  'tl 
by  being  passed  through  a  second  bottle,  611ed  with  frngn 
broken  g-lass  moistened  with  water,  and  it  can  then  be  C' 
over  water  in  the  oixlinary  way,  as  shown  in  Fig.  44.*  In  prepar- 
ing nitrogen  by  this  reaction,  it  is  very  necessary  that  the  ammonia 
should  be  in  considerable  excess,  otherwise  there  is  liable  to  be 
formed  the  dangerously  explosive  compound  of  nitrogen  and  chlo- 
rine.   See  Nitrogen  Trichloride. 
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Ppop6rtloa. ^Nitrogen  is  a  colourless  gas  nithout  taste  or 
stnelL  It  is  sliglitly  lighter  than  air,  its  spccilic  gravity  being 
Q.973  (air  =  i).  One  litre  of  the  gas  at  o*  C.  and  760  mm,  «-eighs 
14  criths,  or  i.::;6  grammes. 

Nitrogen  is  only  vcty  slightly  soluble  in  water,  its  coefiident  of 
absorption  at  o'  C.  being  0.030346. 
Nitrogen  will  not  burn,  neither  will  it  support  the  combustion  of 
ordinary  combustibles.      It    is   not 
poisonous,  but  is  incapable  of  sup- 
porting respiration. 
_  ,  Nitrogen  is  one  of  the  most  chcmi- 

bll    ^T*"  '  '  \    ^'y  '"*^"  substances  known,  com- 

H  1|  V,  t»ning  directly,  and  with  difficulty, 

withonlyaveiyfewelements.  Under 
'  the  influence  of  the  high  temperature 
i.  of  the  electric  spark  it  can  be  made 
to  unite  directly  with  oxygen  (see 
p.  310).  Certain  metals  also  com- 
bine directly  with  it,  forming  nitrides. 
Thus,  when  lithium  or  magnesium 
are  heated  in  nitrogen,  they  form 
respectively  N  Lij  and  NjMgj.  This 
'  reaction  may  be  conveniently  shown 
by  means  of  the  apparatus  seen  in 
Fig.  4S.   A  small  quantity  of  powdered 

B'jl  \  magnesium  is  placed  in  a  hard  glass 

y  _^_J;  1,^^  \,  ^  tube,  which  is  connected  to  a  long 

narrow  lube  dipping  into  water,  and  a 
stream  of  nitrogen  is  passed  through. 
When  (he  air  is  all  displaced,  the 
pa^sa/c  of  the  nitrogen  is  slopped,  and  the  magnesium  strongly 
licatf  .    At  a  red  heat  the  nitrogen  will  be  rapidly  absorbed,  and 
iie      ter  will  be  seen  to  rise  in  the  long  tube. 

Tl  critical  temperature  of  nitrogen  is  — 1.;6'',  and  when  cooled 
'  ;1. .  point,  a  pressure  of  3;  atmospheres  causes  its  liquefaction 
Jndcr  ordinary  atmospheric  pressure,  the  liquid  boils  at  —  193' ; 
be  gas,  therefore,  can  be  liquefied  by  the  cold  obtained  by  the 
apid  evuporaiiuu  uf  liquid  o.tygen  (see  p.  176J. 


1-JO.  45. 


CHAPTER   V 

OXIDES  AND  OXY'ACIDS  OP  NITROGEN 

Nitrogen  combines  with  oxygen,  forming  five  oxides  : — 

(I.)  Nitrous  oxide  (hyponitrous  anhydride)   .  NjO. 

(2.)  Nitric  03dde NO. 

(3.)  Nitrogen  trioxide  (nitrous  anhydride)  N2O3. 

(4.)  Nitrogen  peroxide NO2  and  N2O4. 

(5.)  Nitrogen  pentoxide  (nitric  anhydride)  N^O^ 

Three  oxy-adds  of  nitrogen  are  known,  corresponding  to  the 
three  oxides,  Nos.  i,  3i  S  ^ — 

Hyponitrous  acid     ....     HNO. 

Nitrous  add HNO,. 

Nitric  add HNO,. 

The  relation  in  which  these  three  acids  stand  to  their  corre- 
sponding caddes  may  be  seen  by  the  following  formulae  : — 

N  )  N  ^ 

Hyponitrous  anhydride  >j  (  O.     Hyponitrous  acid  u  r  O. 

Nitrous  anhydride  .    -^q  >  O.     Nitrous  acid  .       h  v  ^' 
Nitric  anhydride     .  jJo^^O.     Nitric  add     .   ^^«^0. 

The  most  important  of  all  these  compounds,  and  the  one  from 
which  all  the  others  are  directly  or  indirectly  obtained,  is  nitric 
add. 

VITBIC  ACID. 

Formula,  HNO^    Molecular  weight  =  63.88. 

History. — Nitric  acid,  or  aquafortisy  was  a  well-known  and 
valued  \jquld  to  the  alchemists,     Down  to  the  lime  o{  Lavo\s\ex 
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(1776)  its  true  nature  was  not  known  ;  he  showed  that  oxygen  was 
one  of  its  constituents,  but  as  to  its  other  components  he  was  un- 
certain.    Its  exact  composition  was  determined  by  CavendisL 

Modes  of  Formation.— <i.)  When  an  electric  spark  is  passed 
through  a  detonating  mixture  of  oxygen  and  hydrogen  with  whidi 
a  certain  quantity  of  air,  or  nitrogen,  is  mixed,  the  water  that  is 
produced  by  the  union  of  the  oxygen  and  hydiogen  is  found  to 
contain  nitric  acid.  This  fact  was  first  observed  by  Cavendish  in 
the  course  of  his  investigations  on  the  composition  of  water,  when, 
owing  to  the  accidental  admixture  of  air  with  the  mixed  gases, 
oxygen  and  hydrogen,  he  found  that  the  water  resulting  from  the 
union  was  sometimes  acid. 

The  direct  union  of  nitrogen  and  oxygen  may  be  brought  about 
by  allowing  a  series  of  electric  sparks  to  pass  between  platinum 
wires,  in  a  confined  volume  of  air,  contained  in  a  glass  globe,  as 
shown  in  Fig.  46.  In  a  short  time  the  air  in  the  globe  will  become 
distinctly  reddish  in  colour,  owing  to  the  formation  of  nitrogen 
peroxide.  The  rapidity  of  the  formation  of  the  red  fumes  will 
be  greatly  increased,  by  compressing  the  air  within  the  globe  by 
means  of  a  small  compression  pump,  as  indicated  in  the  figure. 

If  a  small  quantity  of  water  be  introduced,  and  the  contents  of 
the  globe  shaken  up,  the  red  gas  will  be  seen  to  dissolve  in  the 
water,  which  will  then  acquire  an  acid  reaction,  owing  to  the  forma- 
tion of  nitric  acid. 

Similarly,  when  a  jet  of  hydrogen  is  allowed  to  bum  in  air  to 
which  additional  oxygen  has  been  added,  considerable  quantities 
of  nitrogen  peroxide  are  formed.  The  hydrogen  may  be  burnt 
from  a  jet,  surrounded  by  a  glass  tube,  as  shown  in  Fig.  47,  into 
which  oxygen  can  be  passed  by  means  of  the  small  bent  tube  at 
the  bottom.  On  holding  a  clean  dry  cylinder  over  the  fiame, 
sufficient  of  the  products  of  combustion  will  collect  in  a  few  seconds 
to  show  the  presence  of  nitrogen  peroxide. 

(2.)  Nitric  acid  is  formed  when  nitrogenous  animal  matter  under- 
goes slow  oxidation  in  the  air,  in  the  presence  of  water  and  an 
alkali,  the  nitric  add  combining  with  the  alkali  to  form  a  nitrate. 
In  this  way  nitrates  are  found  in  the  soil,  and  from  the  soil  often 
find  their  way  into  shallow  well  waters  of  towns.  In  hot  and  rain- 
less countries  these  nitrates  are  sometimes  found  as  crystalline 
deposits  on  the  surface  of  the  soil,  as  in  Chili  and  India.  (See 
Potassium  Nitrate.) 

(3,)  Nitric  acid  is  prepared  by  acUtvg  u^otv  ^ta&^\\rav  nitrate 
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{jnUrt-stUtfetre)  with  sulphuric  acid.  The  nitre  is  placed  in  a  glass 
retort,  together  with  an  equal  weight  of  sulphuric  acid,  and  the 
mixture  gently  heated.  The  nitric  acid  readily  distils  over,  and 
may  be  collected  in  a  cooled  receiver.  The  residue  in  the  retort 
consists  of  hydrogen  potassium  sulphate— 

KNO3  +  H^04  =  KHSO4  +  HNO3. 

The  acid  so  obtained  is  not  entirely  free  from  water,  and  contains 
nitrogen  peroxide  in  solution,  which  imparts  to  it  a  yellowish-red 


Fig.  46. 
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colour.  To  purify  it,  it  is  again  distilled  with  an  equal  volume  of 
sulphuric  acid ;  and  the  redistilled  acid  is  deprived  of  the  last  traces 
of  dissolved  peroxide  of  nitrogen,  by  causing  a  stream  of  dry  air  to 
bubble  through  it  while  slightly  warm.  Nitric  acid  so  prepared 
may  contain  as  much  as  99.*^  per  cent  of  anhydrous  acid,  HNO3. 

(4.)  Nitric  acid  is  an  article  of  conunercial  manufacture.  In  this 
process  potassium  nitrate  is  replaced  by  the  sodium  salt,  as  being 
the  cheaper  material,  and  the  proportion  of  acid  to  sodium  nitrate 
employed  is  arranged  in  accordance  with  the  equation — 


2NaNOs  +  HgSO^  =  Na^SO^  +  2HN0^ 
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It  will  be  seen  that  the  whole  of  the  hydrogen  of  the  sulphuric 
add  has  been  replaced  by  the  alkali  metal,  derived  from  two  mole- 
cules of  the  nitrate,  and  that  two  molecules  of  nitric  acid  result 

The  reaction  takes  place  in  two  stages  ;  in  the  first  we  have— 

NaNOj  +  HjS04  =  NaHS04  +  HNO,. 

And  then,  as  the  temperature  is  raised,  the  hydrogen  sodium 
sulphate  reacts  upon  a  second  molecule  of  the  nitrate,  thus — 

NaNO,  +  NaHS04  =  Na,S04  +  HNO,. 

The  temperature  necessary  to  effect  this  second  stage,  however, 
causes  the  decomposition  of  a  certain  quantity  of  the  nitric  acid 
itself,  thus — 

2HNOs  =  H,0  +  2N0,  +  O. 

The  retorts  usually  employed  for  the  manufacture  of  this  acid  are 
large  cast-iron  cylinders,  which  are  sometimes  lined,  either  entirely 
or  in  part,  with  fireclay,  and  which  are  built  into  a  furnace  in  such 
a  manner  as  to  allow  of  their  being  heated  as  uniformly  as  possible. 
The  ends  of  the  cylinders  are  closed  by  slabs  of  Yorkshire  flag, 
securely  cemented  to  the  iron.  The  charge  of  sodium  nitrate 
(Chili  saltpetre)  and  sulphuric  acid  is  introduced  through  a  hole  in 
one  end,  which  is  afterwards  plugged  up,  and  the  vapours  are 
carried  off  through  an  earthenware  pipe  (r,  Fig.  48X  cemented 
through  a  hole  in  the  other  end,  and  connected  to  a  series  of 
earthenware  pots,  ^,  in  the  manner  shown  in  the  figure.  The  last 
of  these  jars  is  connected  with  a  tower,  filled  with  coke,  down  which 
water  is  caused  to  percolate,  and  any  peroxide  of  nitrogen  which 
escapes  condensation  with  the  acid  in  the  jars  is  thereby  absorbed 
N'  Properties. — Nitric  acid  is  a  colourless  liquid  having  a  specific 
gravity  of  1.53.  It  fumes  strongly  in  the  air,  and  has  a  peculiar 
and  choking  smell.  It  is  extremely  hygroscopic,  absorbing  moisture 
from  the  air  with  great  readiness.  Nitric  acid  is  an  intensely 
corrosive  liquid  :  the  strongest  acid,  when  brought  in  contact  with 
the  skin,  causes  painful  wounds,  while  in  more  dilute  conditions 
it  stains  the  skin,  and  other  organic  materials,  a  bright  yellow 
colour.  A  quantity  of  strong  nitric  acid  thrown  upon  sawdust 
causes  it  to  burst  into  flame.  When  nitric  acid  is  distilled  it  first 
begins  to  boil  at  86*",  at  the  same  time  it  is  partially  decomposed 
into  water,  nitrogen  peroxide,  and  ox^^eiv  \  xVvt  d\^\\\\al<t^  therefore. 


aaltf  becomes  weaker,  and  the  boiling-point  gradually  rises. 
GOntiiiues  until  a  certain  point  is  reached,  when  both  the 
«iunie  of  the  btnling  liquid  and  the  strength  of  the  distillate 


win  constauL  1^  on  the  other  hand,  a  weak  acid  be  disiilled, 
distillate  gradually  increases  in  strength,  until  when  the  some 
01  >•  rcacbeii  the  boiling  liquid  has  again  the  same  tcmpctaVtttt. 
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This  constant  boiling-point  is  12a  5%  and  the  distillate  whidi 
comes  over  at  that  temperature  contains  68  per  cent  of  HNQ^ 
Whatever  the  strength  of  the  acid,  therefore,  on  being  boiled  k 
loses  either  nitric  acid  or  water  until  the  strength  reaches  68  per 
cent,  and  this  liquid  boils  at  120*  C.  The  specific  gravity  oi  thb 
add  at  15"  is  1.4 14.  It  was  fonnerly  supposed  that  the  add  of  this 
strength  constituted  a  definite  hydrate,  but  Roscoe  has  shown  that 
the  strength  of  the  add  is  purely  a  function  of  the  pressure,  for  by 
varying  the  pressure  under  which  the  distillation  is  conducted, 
adds  of  various  compositions  can  be  caused  to  distil  at  a  constant 
temperature. 

When  nitric  add  is  mixed  with  water  there  is  a  rise  in  tempera- 
ture and  a  contraction  in  volume,  the  maximum  effect  bdng  pro- 
duced when  the  mixture  is  made  in  the  proportion  of  three  molecules 
of  water  with  one  molecule  of  add. 

Nitric  add  is  a  powerful  oxidising  agent,  on  account  of  the  readi- 
ness with  which  it  parts  with  oxygen.  Elements  such  as  sulphur 
and  phosphorus  are  oxidised  into  sulphuric  and  phosphoric  acids ; 
arsenious  oxide  into  arsenic  acid ;  and  many  protosalts  are  con- 
verted into  persalts.  It  attacks  a  large  number  of  metals,  foraiing 
in  many  cases  the  nitrate.  Its  action  upon  metals  is  often  of 
a  complicated  nature,  and  depends  not  only  upon  the  particular 
metal,  but  also  upon  the  strength  of  the  add,  the  temperature, 
and  the  presence  of  the  saline  products  of  the  reaction ;  thus, 
when  nitric  add  acts  upon  copper,  the  following  reaction  takes 
place — 

3Cu  +  8HNO3  =  3Cu(N08)j  +  4H2O  +  2N0. 

It  is  found,  however,  that  as  the  amount  of  copper  nitrate  accu- 
mulates, the  nitric  oxide  which  is  evolved  is  mixed  more  and  more 
largely  with  nitrous  oxide,  NjO,  and  even  with  nitrogen. 

Again,  when  dilute  nitric  add  acts  upon  zinc,  nitrous  oxide  is 
produced,  according  to  the  following  equation — 

4Zn  -h  lOHNOs  =  4Zn(N03)j  +  ^HgO  +  N,0. 

When,  however,  strong  nitric  acid  is  employed,  ammonia  is  formed, 
which  combines  with  the  excess  of  acid — 

4Zn  +  9HN0,  =  4ZnCN0ii^A-  ^H^O  -V  ^W.* 
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to  tihe  strong  oxidising  properties  of  nitric  acid,  hydro- 
gen b  never  evolved  by  the  action  of  metals  upon  this  acid,  the 
hydrogen  which  is  displaced  from  the  add  being  converted  into 


"^  The  chief  reactions  of  nitric  acid  may  be  broadly  divided  into 
three  classes : — 

(i.)  With  metallic  osddes  its  behaviour  is  in  common  with  other 
adds.  It  exchanges  its  hydrogen  for  an  equivalent  quantity  of  the 
netal,  forming  a  nitrate,  with  the  elimination  of  water,  cg,-^ 

K,0  +  2HNO3  -  2KNO3  +  HjO. 

(2.)  Reactions  in  which  it  acts  as  an  oxidising  agent ;  as  an 
oample,  its  action  upon  iodine,  which  is  converted  into  iodic  acid, 
may  be  dted — 

1  +  3HNO3  =  HIO3  +  H,0  +  N,Oj  +  NO,. 

(3.)  Actions  in  which  hydrogen  in  an  organic  compound  is 
leplaced  by  the  elements  NO,,  with  the  elimination  of  H,0,  no 
gas  bdng  evolved.  The  conversion  of  cotton-wool,  or  cellulose, 
CuH|oO|oi  into  gun-cotton,  or  nitro-cdlulosc,  CisHiiOioCNO,)^,  is 
an  illustration  of  this  class  of  reactions — 

CmH^Omj  +  6HNO3  =-  6H,0  +  C«HMOio(N02)e. 

Nitric  add  is  without  action  upon  the  so-called  noble  metals, 
gold  and  platinum. 

Commercial  nitric  add,  which  is  of  a  reddish  colour,  is  liable 
to  contain  many  impurities :  chlorine  and  iodic  acid,  derived  from 
the  Chili  saltpetre ;  iron,  sulphuric  acid,  and  sodium  sulphate, 
carried  mechanically  over  from  the  retorts  ;  and  nitrogen  peroxide, 
from  the  decomposition  of  the  acid.  From  these  it  is  purified  by 
redistillation. 

Nitric  add  is  a  monobasic  add ;  the  salts  of  which,  known  as 
the  nitrates,  are  for  the  most  part  readily  soluble  in  water,  and 
crystallise  in  wdl-defined  forms.  They  are  all  decomposed  at  a 
high  temperature,  evolving  oxygen  and  nitrogen  peroxide,  or  oxy- 
gen and  nitrogen,  leaving  an  oxide  of  the  metal. 

The  presence  of  a  nitrate  in  solution  is  easily  recognised  by  the 
following  characteristic  test  A  solution  of  ferrous  sulphate  is  first 
added  to  ihe  solution  containing  the  nitrate,  and  concenlraled  s\A- 
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phuric  acid  is  then  cautiously  poured  down  the  side  of  the 
tube,  held  in  a  sloping  position,  so  as  to  £dl  to  the  bottom  withoal 
mixing  with  the  solution.  The  sulphuric  add  acting  upon  tte 
nitrate,  liberates  nitric  add ;  this  is  reduced  by  the  ferrous  sulphats 
to  nitric  oxide,  which,  dissolving  in  the  ferrous  sulphate,  forms  a 
brown-coloured  solution  at  the  point  where  the  two  layers  of  liqiud 
meet    (See  Nitric  Oxide.) 

When  nitric  add  is  added  to  hydrochloric  add,  a  mixture  is 
obtained  which  is  known  by  the  name  of  aqua  regia.  This  name 
was  applied  to  it  by  the  aldiemists  on  account  of  its  power  of  dis- 
solving gold.  Aqua  regia  b  used  in  the  laboratory  for  dissolving 
gold,  platinum,  and  certain  ores.  Its  solvent  power  depends  upon 
the  free  chlorine  which  is  evolved  from  the  mixture— 

HNOj  +  3HC1  =  2H,0  +  NOCl  +  Cl^ 

NITBOOEN  PENTOZIDE  {Nitric  Anhydride). 
Fonnula,  N1O5.    Molecular  weight  =  107.8. 

Modes  of  Formation.— (i.)  By  withdrawing  from  nitric  add 
the  elements  of  water,  by  means  of  phosphorus  pentoxide — 

2HN08  +  PjOft  =  2HPO5  +  NjOft. 

For  this  purpose  the  strongest  nitric  acid  is  cautiously  added  to 
phosphorus  pentoxide  in  a  cooled  retort,  in  the  proportion  de- 
manded by  the  equation  ;  the  mixture  being  made  as  far  as  possible 
without  rise  of  temperature.  The  pasty  mass  is  then  gently  heated, 
when  the  nitrogen  pentoxide  distils  over,  and,  if  collected  in  a  well- 
cooled  receiver,  at  once  crystallises. 

(2.)  The  method  adopted  by  Deville,  who  discovered  this  com- 
pound (1849),  ^As  hy  passing  dry  chlorine  over  dry  silver  nitrate 
contained  in  a  U-tube,  which  was  kept  at  the  desired  temperature 
by  being  immersed  in  a  water-bath.  The  following  equation  ex- 
presses the  final  result  of  the  action — 

SAgNOj  +  Clj  =  2AgCl  +  NjOft  +  O. 

Properties. — Nitrogen  pentoxide  is  a  white  solid  substance, 
crystallising  in  brilliant  prismatic  crystals,  which  melt  at  30* 
with  partial  decomposition.  Between  45**  and  50**  it  undergoes 
rapid  decomposition,  evolving  brown  fumes.     It  is  a  very  unstable 
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crnnprnind ;  when  suddenly  heated  it  decomposes  with  explosive 
nolencey  and  even  at  ordinary  temperatures  decomposition  slowly 
lakes  place.  It  absorbs  mobture  rapidly,  and  when  thrown  into 
vater  it  dissolves  with  the  evolution  of  great  heat — 

NjO»  +  H,0  -  2HN0,. 

When  nitrogen  pentoxide  is  gradually  mixed  with  nitric  acid,  a 
oonqioand  is  formed  having  the  composition  2Ns05,H20  ;  which 
iqiaiates,  on  cooling,  as  a  definite  crystalline  hydrate. 


MITBOOEV  PEROXIDE. 

FGnnofai,  NQi  and  N^4.    Molecular  weight  =  45.9a  and  91.84. 

Density  =  2S.96  and  45.9a. 

lodes  of  Formation. — (i.)  This  compound  may  be  prepared 
by  mixing  one  volume  of  oxygen  with  two  volumes  of  nitric  oxide, 
and  passing  the  red  gas  so  obtained  through  a  tube  surrounded 
by  a  freezing  mixtore — 

2NO  +  O,  =  2N0,. 

(2.)  The  nitrates  of  certain  metals,  when  heated,  are  decomposed 
into  nitrogen  peroxide,  oxygen,  and  an  oxide  of  the  metal ;  thus, 
if  dry  lead  nitrate  be  heated  in  a  retort,  and  the  gaseous  products 
of  decomposition  are  conducted  into  a  U-tube  placed  in  a  freezing 
mixtue,  die  nitrogen  peroxide  collects  in  the  tube — 

Pb(NO,),  =  PbO  +  N2O4  +  O. 

(3.)  When  arsenious  oxide  is  gently  warmed  with  nitric  acid,  a 
nuxture.of  nitric  oxide,  NO,  and  peroxide,  NO2,  is  evolved,  and  if 
this  gaseous  mixture  be  passed  through  a  cooled  tube,  it  condenses 
to  a  blue  liquid.  On  passing  a  stream  of  oxygen  through  this 
liquid  it  loses  its  blue  colour,  and  is  converted  into  a  yellowish 
liquid,  which  consbts  of  nitrogen  peroxide. 

PMpertles. — ^At  low  temperatures  nitrogen  peroxide  is  a  colour- 
less crystalline  compound.  It  melts  at  -  9^  but  requires  a  tem- 
perature as  low  as  —50*  to  solidify  it  At  a  temperature  slightly 
above  its  melting-point  the  liquid  begins  to  acquire  a  pale  yellowish 
tint,  which  rapidly  deepens,  until  at  the  ordinary  temperature  it  is 
a  iiill  orange  colour.    The  liquid  boils  at  22**,  and  gives  a  vapour 
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having  a  reddish  brown  colour.  The  colour  of  the  vapoui 
becomes  deeper  as  its  temperature  is  raised,  until  at  40*  il 
dark  chocolate  brown,  and  almost  opaque.  On  allowing 
vapour  to  cool  the  reverse  changes  take  place.  This  chan 
colour,  as  the  temperature  rises,  is  accompanied  by  a  s 
change  in  the  density  of  the  gas,  as  will  be  seen  from  the  tab] 

Tempemtur^  Density.  H  - 1.        noTmoISiI 

26.7*  38.3  2aoo 

6a  2*  3a  I  52.04 

100.  i"  24.3  89.23 

135-0'  23.1  98.69 

140.0^  22.96  100.00 

The  density  required  by  the  formula  N2O4  is  45.92,  while 
demanded  by  the  formula  NO2  is  22.96 ;  hence  as  the  tempei 
rises  a  process  of  dissociation  goes  on,  in  which  N2O4  mok 
are  broken  down  into  molecules  of  the  simpler  compos 
At  140'  this  process  is  complete,  and  the  gas  is  entirel; 
solved  into  NOj.  It  is  believed  that  at  low  temperatures,  niti 
peroxide  has  the  composition  represented  by  the  formula  ] 
but  that  dissociation  begins  to  take  place  even  during  the  st; 
liquidity,  as  indicated  by  the  gradual  change  of  colour  ;  and  t 
fore  at  temperatures  between  the  boiling-point  of  the  liquid 
22°,  and  140*,  the  gas  consists  of  mixtures  of  molecules  of  NO 
N2O4.  The  calculated  percentage  of  NO2  molecules,  whicl 
gas  contains  at  the  temperatures  at  which  the  above  densitie 
taken,  are  given  in  the  third  column. 

Nitrogen  peroxide  is  decomposed  by  water.     At  low  tem 
tures,  and  with  small  quantities  of  water,  nitric  and  nitrous 
are  the  products  of  the  action,  thus — 

N2O4  +  H2O  =  HNO3  +  HNOj. 

At  the  ordinary  temperature,  and  with  an  excess  of  watei 
following  reaction  takes  place — 

3NO2  +  H,0  =  2HNO3  +  NO. 

Gaseous  nitrogen  peroxide  is  incapable  of  supporting  the 
bustion   of  a  taper.     Phosphorus,  when  strongly   burning 
plunged  into  the  gas,  continues  '\ls  corcvbvj&\\oTi  ^\\3\  brlUv 
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the  temperature  of  the  burning  phosphorus  being  sufficiently  high 
to  effect  the  decomposition  of  the  gas.  Nitrogen  peroxide  is  a 
snffbcating  and  highly  poisonous  gas,  and  even  when  largely 
diluted  with  air  rapidly  produces  headache  and  sickness. 

Nitrogen  peroxide  unites  directly  with  certain  metals,  giving  rise  to  a  re- 
iBwhihir  series  of  oompoonds,  to  which  the  name  nitro-metals,  or  metallic 
oitroxyls,  may  be  given  (Sabatier  and  Senderens).*  Thus,  when  the  vapour 
of  nitrogen  peroxide  is  passed  over  metallic  copi>er  (obtained  by  the  reduction 
of  copper  oxide  in  a  stream  of  hydrogen),  the  gas  is  rapidly  absorbed  by  the 
BKtal  with  considerable  rise  of  temperature,  and  a  solid  brown  compound  is 
fanned.  This  substance  is  the  copper-nitroxyl,  and  its  composition  is  ex- 
pressed by  the  formula  CU9NO9. 

Copper-nitroxyl  is  a  ^rly  stable  compound,  and  is  unacted  upon  by  dry  air. 
It  is  decomposed  by  water  and  by  nitric  acid,  hence  in  its  preparation  care 
oiast  be  taken  to  free  the  nitrogen  peroxide  f^m  these  substances. 

At  a  temperature  of  about  90°  copper-nitroxyl  is  decomposed  into  copper 
and  nitrogen  peroxide.  If,  therefore,  a  quantity  of  the  compound  be  s^dcd 
op  in  a  bent  glass  tube,  and  the  empty  limb  of  the  tube  be  immersed  in  a 
fceeang  mixture  while  the  compound  is  gently  warmed,  the  nitrogen  peroxide 
wfaidi  is  evolved  will  be  condensed  in  the  cold  portion  of  the  tube. 

Similar  compounds  are  formed  with  the  metals  cobalt,  nickel,  and  iron. 

Nitrous  Add,  HNO^. — This  substance  is  not  known  in  the  pure 
state.  Even  in  dilute  aqueous  solution  it  rapidly  decomposes  into 
nitric  add,  nitric  oxide,  and  water — 

3HN0,  =  HNO,  +  2N0  +  HgO. 

The  solution  of  this  acid  sometimes  acts  as  a  reducing  agent, 
taking  up  oxygen  from  such  highly  oxidised  compounds  as  per- 
manganates, or  chromates,  and  passing  into  nitric  acid — 

HNO,  +  O  =  HNO3. 

Under  other  conditions  it  exerts  an  oxidising  action,  as  when  it 
bleaches  indigo,  or  liberates  iodine  from  potassium  iodide,  being 
itself  reduced  to  nitric  oxide  and  water,  with  the  elimination  of 
oxygen — 

2HNO2  =  2N0  +  HjO  +  O. 

The  salts  of  nitrous  acid,  viz.,  the  nitrites^  are  stable  compounds. 
The  nitrites  of  the  alkalies  are  best  prepared  by  carefully  heating 

""  S^/^/M  df  ^  Saci/U  CAimique,  September  1893. 
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the  nitrates ;  thus,  when  potassium  nitrate  is  fused,  it  parts  witlv 
oxygen,  and  is  transformed  into  potassium  nitrite — 

KNO,  =  KNO,  +  O. 

At  a  higher  temperature  the  nitrite  is  also  decomposed. 

Nitrites  are  decomposed  by  dilute  adds,  evolving  brown  vapomi 
and  in  this  way  are  at  once  distinguished  from  nitrates. 

Nltrofftn  Trloxlde.— There  is  considerable  doubt  as  to  the  existence  of  this 
compound.  It  has  been  usually  stated  that  it  is  formed  by  the  action  of  nitric 
add  upon  arsenious  oxide,  according  to  the  equation — 

AS4OS  +  4HN0,  =  SAsaOg  +  2H^  +  2NaO,. 

It  has,  however,  been  shown  by  the  determination  of  the  vapour  density,  thai 
in  the  gaseous  state  the  compound  N^Os  does  not  exist,  but  that  the  gas  is  a 
mixture  of  molecules  of  NO  and  NO^.  It  will  be  seen  that  a  mixture  contain- 
ing equal  volumes  of  these  two  gases  will  have  a  composition  represented  bjr 
the  formula  N^Og,  therefore  the  above  reaction  may  be  regarded  as  taking 
place  thus — 

AS4O,  +  4HN08  =  2AsjOs  +  2HjO  +  2NO  +  2NO^ 

Simultaneously  with  this  reaction  the  following  decomposition  also  goes 
forward — 

As40«  +  SHNOa  =  2As,08  +  4H,0  +  8NO,. 

The  result,  therefore,  of  the  action  of  nitric  acid  upon  arsenious  oxide  is  a 
mixture  of  nitric  oxide  and  peroxide  in  varying  proportions. 

When  this  mixture  is  strongly  cooled,  it  condenses  to  a  blue  liquid,  believed 
by  some  to  ht  the  true  compound  N2O8.  Others  regard  it  as  merely  a  solu- 
tion of  the  difficultly  liquefiable  gas,  NO,  in  liquid  nitrogen  peroxide,  NO).  If 
the  two  oxides  are  in  a  state  of  combination,  it  would  appear  to  be  at  best  a 
feeble  union,  for  it  has  been  shown  that  at  temperatures  as  low  as  -90*  the 
liquid  slowly  evolves  NO,  while  at  this  temperature  no  nitrogen  peroxide  is 
given  off. 

NITRIC  OXIDE. 

Formula,  NO.     Molecular  weight  =  29.96.     E>ensity=  14.96. 

History. — Nitric  oxide  was  first  obtained  by  Van  Helmont 
Priestley,  however,  was  the  first  to  investigate  this  gas,  which  he 
termed  nitrous  air^  and  which  was  employed  by  him  in  his  analysis 
of  air. 

Modes  of  Formation.— ( I.)  This  gas  is  obtained  by  the  action 
of  nitric  SLCid  of  specific  gravity  1.2  upon  copper  or  mercury.     In 
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practice,  copper  is  always  employed.*     The  action  may  be  repre- 
sented thus — 

3Cu  +  SHNOj  -  3Cu(N03),4  4H,0  +  2N0. 

The  gas  obtained  by  this  method  is  always  liable  to  contain 
mboas  oxide,  and  even  free  nitrogen ;  the  amount  of  these  im- 
parities rapidly  increasing  if  the  temperature  be  allowed  to  rise, 
md  still  more  so  as  the  amount  of  copper  nitrate  in  solution 


(2.)  Pure  nitric  oxide  is  readily  obtained  by  the  action  of  nitric 
add  upon  ferrous  sulphate.  The  reaction  is  best  applied  by  gene- 
ating  the  nitric  add  from  potassium  nitrate  and  sulphuric  acid  in 
dw  presence  of  ferrous  sulphate.  A  mixture  of  the  two  salts,  in 
f  die  proportion  of  about  one  part  of  nitre  to  four  of  ferrous  sulphate, 
I  ii  imxoduced  into  a  flask,  with  a  small  quantity  of  water.  Strong 
I  so^nric  add  is  dropped  upon  the  mixture  by  means  of  a  drop- 
ping fumel,  and  the  mixture  gently  warmed,  when  a  steady  stream 
'     of  pure  nitric  oxide  is  evolved — 

SKNO,  -I-  5H^4  H-  8FeS04  =  2HKSO4  +  ^^4^itt  +  4H^  +  2NO. 

A  piedsely  nmilar  result  may  be  obtained  by  the  reduction  of 
potassium  nitrate  by  means  of  ferrous  chloride  in  the  presence  of 
hydrochloric  add,  thus — 

KNOi  +  SFcCl,  +  4HC1  =  3FeCl,  +  KCl  -I-  2H,0  +  NO. 

Ploportles. — Nitric  oxide  is  a  colouriess  gas,  having  a  specific 
grarity  of  1.039.  When  brought  into  the  air,  it  combines  with  the 
atmospheric  oxygen,  forming  red  brown  vapours,  consisting  of  a 
miitare  of  nitrogen  tri-  and  per-oxides,  the  combination  being 
attended  with  a  rise  of  temperature.  The  formation  of  these  red 
ibmes  in  contact  with  oxygen,  is  characteristic  of  this  gas,  thereby 
distinguishing  it  from  all  other  gases.  This  property  of  nitric 
oxide  renders  it  impossible  to  ascertain  whether  this  gas  has  any 
smell,  or  is  possessed  of  any  toxicological  action.  Nitric  oxide  is 
only  very  sparingly  soluble  in  water.  It  is  the  most  stable  of  all 
the  ooddes  of  nitrogen,  being  able  to  stand  a  dull  red  heat  with- 
out decomposition.  It  b  not  a  supporter  of  combustion.  A  lighted 
taper,  or  a  burning  piece  of  sulphur,  when  introduced  into  the  gas, 

•  Experimeat  997,  "Chemical  Lecture  Experiments." 
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are  extinguished  If  the  temperature  of  the  burning  substance  is 
sufficiently  high  to  decompose  the  gas,  combustion  dien  continues 
at  the  expense  of  the  liberated  oxygen :  thus,  if  a  piece  of  phos- 
phorus, which  is  freely  burning  in  the  air,  be  plunged  into  this  gas, 
it  continues  its  combustion  with  great  brilliancy ;  i^  however,  the 
phosphorus  be  only  feebly  burning  when  thrust  into  the  gas,  it 
is  at  once  extinguished.  A  mixture  of  carbon  disulphide  vapour 
and  nitric  oxide,  obtained  by  allowing  a  few  drops  of  the  liquid  to 

&11  into  a  cylinder  of  the  gas,  bums,  when 
inflamed,  with  an  intensely  vivid  bluish 
flame,  which  is  especially  rich  in  the  violet 
or  actinic  rays,  and  has  on  this  account 
been  sometimes  employed  by  photo- 
graphers to  illuminate  dark  interiors. 
Nitric  oxide  is  soluble  in  a  solution  of 
ferrous  sulphate,  forming  a  dark  brown 
solution,  containing  an  unstable  compound 
of  ferrous  sulphate  and  nitric  oxide, 
2FeS04,NO.  This  compound  is  readily 
decomposed  by  heat,  nitric  oxide  bdng 
evolved.  By  means  of  this  reaction,  nitric 
oxide  may  be  separated  from  other  gases. 
Nitric  oxide  is  a  difficultly  liquefiable  gas, 
its  critical  temperature  being  —  93.5 :  at  this 
temperature  a  pressure  of  71.2  atmospheres  is  required  to  liquefy  it 
The  composition  of  nitric  oxide  may  be  proved,  by  heating  a 
spiral  of  iron  wire  by  means  of  an  electric  current,  in  a  measured 
volume  of  the  gas  (as  shown  in  Fig.  49).*  As  the  metal  becomes 
red  hot  the  gas  is  gradually  decomposed,  and  the  oxygen  combines 
with  the  iron  to  form  ferric  oxide.  The  residual  nitrogen  will 
be  found  to  occupy  one-half  the  original  volume. 


Fig.  49. 


Two  vols,  of  nitric  oxide,  weighing    89,96 
Contain  i  voL  of  nitrogen,  weighing  14.00 


15.96=  weight  of  I  vol.  of  oxygen. 

Therefore  we  learn  that  two  volumes  of  nitric  oxide  consist  of 
one  volume  of  nitrogen  and  one  volume  of  oxygen  united  without 
condensation. 


*  Experiment  3(0^ 
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KTB0U8  OXIDE  {Hy^onitrous  anhydride^  Laughing  gas). 
Fomnila,  N/).   Molecular  weight  =5  43.96.   Density  =  21.98. 

Dstary. — ^This  gas  was  discovered  by  Priestley,  and  called  by 
km  dipkhgisHcaUd  nitrous  air, 

Ibdes  of  Formation. — (i.)   Nitrous  oxide  is  formed  by  the 
■dnctioD  of  nitric  acid  by  certain  metals,  as  zinc  or  copper,  under 
conditions  (see  Nitric  Acid).    These  reactions,  however, 
never  made  use  of  for  the  preparation  of  the  gas  for  experi- 


(2.)  The  most  convenient  method  for  obtaining  this  compound 

iibythe  decomposition  of  ammonium  nitrate.    A  quantity  of  the 

diysah  b  gently  heated  in  a  flask  fitted  with  a  cork  and  delivery- 

tibb   The  salt  rapidly  melts  and  splits  up  into  nitrous  oxide  and 

vater— 

NH4NOs-2H,0  +  N,0. 

The  heat  should  be  carefully  regulated,  or  the  decomposition  is 
fiiUe  to  become  violent,  in  which  case  nitric  oxide  is  also  evolved. 
Nitroos  oxide  being  rather  soluble  in  cold  water,  the  gas  should 
be  collected  either  over  mercury,  or  over  hot  water. 

When  the  gms  is  to  be  used  for  anaesthetic  purposes,  it  should  be  purified 
by  bang  passed  first  through  a  solution  of  ferrous  sulphate  to  absorb  any  nitric 
(Bide,ind  afterwards  thxx>ugh  caustic  soda,  to  remove  any  chlorine  which  may 
bit  been  derived  from  the  presence  of  ammonium  chloride  ip  the  nitrate. 

Pnqperties. — Nitrous  oxide  is  a  colourless  gas,  having  a  faint 
and  not  unpleasant  smell,  and  a  peculiar  sweetish  taste.  Its 
^edfic  gravity  is  1.52.  The  gas  is  somewhat  soluble  in  water,  its 
coefficient  of  absorption  at  o*  being  1.3052.  The  solubility  rapidly 
decreases  as  the  temperature  rises,  as  will  be  seen  by  the  follow- 
ing table  (Carius) : — 

C.C  N,0  at  o*  C 
and  760  mm. 

.  1.3052 
0.9196 
0.6700 

.      0.5962 


z  C.C.  Water  at 

7<o 

mm. 

Dissolves 

At 

O* 

99 

lo' 

i> 

20* 

»i 

25- 

The  loss  of  gas  during  its  collection  over  water  in  the  pneumatic 
trough,  arising  from  its  so\xk\>ility  in  that  liquid,  is  therefore  greaxVf 
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lessened  by  using  warm  water.  Nitrous  oxide  is  mudi 
readily  decomposed  than  nitric  oxide,  a  red  hot  splint  of 
instantly  rekindled,  and  bursts  into  flame  when  plunged  into 
gas.  Phosphorus  bums  in  it  with  a  brilliancy,  scsuncely 
less  dazzling  than  in  pure  oxygen.  If  a  piece  of  sulphur,  winch 
only  feebly  burning,  be  thrust  into  a  jar  of  this  gas,  the 
extinguished,  the  temperature  of  the  flame  not  being  su: 
high  to  decompose  the  gas.  When,  however,  the  sulphnr 
allowed  to  get  into  active  combustion  before  being  placed  in  dil 
gas,  the  combustion  continues  with  greatly  increased  biilliancXi 
In  all  cases  of  combustion  in  nitrous  oxide,  the  C(»nbustioa  ^ 
simply  the  union  of  the  burning  body  with  oxygen,  the  luUiifgi 
being  eliminated  From  its  behaviour  towards  combustilila|^ 
nitrous  oxide  might  readily  be  mistaken  for  oxygen  ;  it  can,  hoa^ 
ever,  be  easily  distinguished  from  that  gas  by  the  &ct  that 
added  to  nitric  oxide  it  does  not  produce  red  vapours, 
when  oxygen  is  mixed  with  nitric  oxide  these  coloured 
instantly  formed. 

When  equal  volumes  of  nitrous  oxide  and  hydrogen  are 
in  a  eudiometer,  and  an  electric  spark  passed  through  the 
ture,  the  gases  combine  with  explosion,  water  being  produced  wait 
nitrogen  set  free ;  the  volume  of  nitrogen  so  resulting  being  eqod 
to  that  of  the  nitrous  oxide  employed.  This  compound,  theiefon^ 
contains  its  own  volume  of  nitrogen,  and  half  its  own  volume  of 
oxygen.  Nitrous  oxide,  when  inhaled,  exerts  a  remarkable  actkm 
upon  the  animal  organism.  This  &ct  was  first  observed  by  Davy. 
If  breathed  for  a  short  time,  the  gas  induces  a  condition  of  hysterical 
excitement,  often  accompanied  by  boisterous  laughter,  hence  the 
name  laughing  gas.  If  the  inhalation  be  continued,  this  is  followed 
by  a  condition  of  complete  insensibility,  and  ultimately  by  deatk 
On  account  of  the  ease  with  which  the  state  of  insensibility  can  be 
brought  about,  this  gas  is  extensively  employed  as  an  anaesthetic^ 
especially  in  dentistry. 

Nitrous  oxide  is  a  gas  which  is  moderately  easily  liquefied ;  at 
o°  C.  a  pressure  of  thirty  atmospheres  is  requir»l  to  efiect  iH 
liquefaction. 

Liquid  nitrous  oxide  is  colouriess  and  mobile  ;  it  boils  at  -92*, 
and  when  dropped  upon  the  skin  produces  painful  blisters 
When  thrown  upon  water,  a  quantity  of  the  water  is  at  once  con- 
verted into  ice :  mercury  poured  into  a  tube  containing  a  small 
Quantity  of  the  liquid  is  instantly  frozen.    An  ignited  fragment  of 
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teiQoal  thrown  upon  the  liquid  floats 'upon  the  surface,  at  the 
■K  nme  burning  with  brilliancy.  If  the  liquid  be  mixed  with 
disulpludey  and  placed  in  vacuo,  the  temperature  falls 
-14a  By  strongly  cooling  the  liquid,  contained  in  a  sealed 
Faiaday  succeeded  in  solidifying  it ;  this  may  also  be 
by  the  rapid  evaporation  of  the  liquid.  The  solid  melts 
-99*1  and  if  placed  upon  the  hand  causes  a  painful  blister ;  in 
snpect  it  differs  from  solid  carbon  diosdde,  which  gasifies 
previous  lique&ctioa 


Add,  NHO.— This  substance  has  not  yet  been  isolated,  being 
in  its  ndts  and  in  aqueous  solution, 
a  solntion  of  potassium  nitrate,  or  nitrite,  is  acted  upon  by  sodium 
\fn  alloy  of  sodium  and  mercury),  the  salt  is  reduced  by  the  nascent 
evobcd  by  the  action  of  the  amalgam  upon  water,  and  the  potassium 
lAarfaypcxutniiii  add  is  left  in  solution — 

KNQ,  +  2Ha  =  2H,0  +  KNO. 

The  sdotion,  which  is  alkaline,  owing  to  the  presence  of  sodium  hydroxide, 
kthen  made  neutral  by  the  addition  of  acetic  add,  and  silver  nitrate  added. 
AyeQov  precipitate  is  thrown  down,  consisting  of  silver  hyponitrite,  AgNO. 

Wbea  a  solution  of  potassium  hyponitrite  is  acidified  and  then  heated,  the 
^ponilroiis  add,  whidi  may  be  regarded  as  liberated  by  the  add.  is  broken  up 
iMHraas  oodde  and  water — 


2HNO  =  N/)  4-  H^. 

ntnqrl  Ohlorlde,*  NOCL — ^This  compound  may  be  obtained  by  the  direct 
'~*^—^—  of  nitric  oxide  with  dilorine — 


2NO  +  a,  =  2NOCL 

his  atao  formed  by  the  action  of  phosphorus  pentachloride  upon  potassium 
Me,  thos— 

PO,  +  KNO,  =  NOCl  +  POCla  +  KCL 

Niiiayl  chloride  is  formed  together  with  chlorine  when  a  mixture  of  nitric 
«d  hydrochloric  adds  is  gently  heated — 

HNQ,  +  SHQ  =  NOa  +  CI,  +  2HaO. 

Nitrosyl  chloride  is  also  readily  prepared  by  the  action  of  nitrosyl  hydrogen 
•iplaie  upon  dry  sodium  chloride,  thus — 

(N0)HS04  +  NaQ  =  NOCl  +  NaHSO^. 

—Nitrosyl  chloride  is  an  orange-yellow  gas,  which  easily  con- 
wben  passed  through  a  tube  immersed  in  a  freezing  mixture,  to  an 

*  TiUen  has  shown  that  this  is  the  only  oxy-cbloride  of  nitrogen  thai  exisls. 

P 
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orange-yellow  liquid,  which  boils  at  about  -  8*.    It  is  decomposed  by 
into  nitrous  add  and  hydrochloric  add — 

NOa  +  HjO  =  HNO,  +  HCL 

In  a  similar  manner  it  is  decomposed  by  metallic  oxides  and  hydro 

thus — 

NOa  +  2KHO  =  KNQ,  +  KQ  +  H,0. 

Nitrosyl  diloHde  has  no  action  upon  gold  and  platinum,  but  it  a 
mercury  with  the  formation  of  mercurous  chloride  and  the  liberation  of 

SNQQ  +  Hga  =  HggCl,  +  2NO. 


CHAPTER  VI 
THB   ATMOSPHERE 

losphere  is  the  name  applied  to  the  gaseous  mixture 
velops  the  earth,  and  which  is  commonly  called  the  air. 
r  chemists  used  the  word  atr  much  as  in  modem  times 
.  £as  is  employed;  thus  they  spoke  of  inflammable  air, 
iticated  air,  alkaline  air,  and  so  on. 
r  consists  of  a  mixture  of  gases,  the  two  chief  ingredients 
trogen  and  oxygen.  Lavoisier  was  the  firsi  to  clearly 
(It  oxygen  was  a  constituent  of  the  air,  although  Robert 
d  others  before  him  had  shown,  that  air  was  absorbed  by 
I  the  process  of  forming  a  ca/Xy  and  that  the  metal  gained 
s  the  calx  formed.  When  the  fact  that  the  air  was  com- 
oxygen  and  nitrogen  became  established,  various  devices 
opted  to  determine  the  proportion  of  oxygen  in  it. 
's  method  was-  by  means  of  nitric  oxide.  It  depended 
i  fi&ct  that  when  nitric  oxide  is  mixed  with  air,  it  combines 
oxygen,  forming  brown  fumes  which  dissolve  in  the  water, 
iction  in  volume  therefore  takes  place,  from  which  the 
f  oxygen  may  be  calculated.  This  method  yielded  results 
emed  to  show  that  there  was  considerable  variation  in  the 
»n  of  oxygen  present  in  different  samples  of  air,  and  the 
se  that, the  wfaolesomeness,  or  goodness,  of  the  air  was 
It  upoii  the  quantity  of  oxygen  which  it  contained.  Hence 
e  term' eudimnelryy  signifying  to  measure  the  goodness, 
ih,  on' the  o^er  hand,  as  the  result  of  a  large  number  of 
tnts  made  hf  him,  came  to  the  conclusion  that  there  was 
snce  in  the  samples  of  air  that  he  experimented  upon. 
the  time  of  Cavendish,  eudiometric  analysis  has  been 
to  a  state  of  great  perfection  and  accuracy  by  Bunsen, 
t,  Frankland,  and  others.  The  conclusion  to  be  drawn 
:  extended  researches  of  these  chemists  is,  that  although 
>sphere  certainly  shows  a  remarkable  uniformity  of  corn- 
there  do  exist  perceptible,  though  very  slight,  vax\aX\OTv^ 
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in  the  amount  of  oxygen  piesent  at  diflerent  places  ind  at  difler 
times.    Samples  of  aii  collected  &om  all  parts  of  the  globe,  b 


mid  ocean,  from  high  mountnln  peak,  American  piairie,  » 
crowded  cities,  show  a  variation  in  the  proportion  of  oxygen  ra> 
ing  from  20.99  to  zo.86.    Angus  Smith  has  shown,  that  in  fog 
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ifthfr  the  cMtygen  in  the  air  in  towns,  sometimes  £dls  as  low  as 
IOL82.  Samples  of  air  taken  from  crowded  theatres,  have  been 
ionnd  to  contain  as  little  as  20.28,  while  in  many  mines  the  amount 
Bftnges  as  low  as  20.26. 

Tbe  mean  proportions  of  oxygen  and  nitrogen  in  the  atmosphere 
my  be  given  as — 

Oxygen 20.96  parts  by  volume. 

Nitrogen        ....    79<04     »  m 

loaoo 

The  composition  of  the  atmosphere  by  weight  was  determined 
\fl  Dumas  and  Boussingault  ( 1 84 1 ).  In  their  method,  air  which  was 
fieed  from  carbon  dioxide  and  moisture,  was  slowly  drawn  through 
a  glass  tube  containing  a  known  weight  of  metallic  copper,  heated 
Do  redness.  The  oxygen  combined  with  the  copper,  forming  copper 
Qskle,  which  was  afterwards  weighed,  and  the  nitrogen  passed  into 
a  vacuous  flask,  and  was  also  weighed.  The  apparatus  as  em- 
ployed by  Dumas  is  seen  in  Fig.  5a  B  is  a  glass  flask  having  a 
capacity  of  10  to  15  litres,  which  was  exhausted  and  then  weighed. 
It  m-as  then  attached,  as  shown,  to  the  tube  T,  containing  a  known 
wdght  of  metallic  copper^  and  which  was  also  exhausted.  The 
balbs  L  contained  a  solution  of  potassium  hydroxide,  and  the  tubes 
f^  solid  potash,  for  the  removal  of  atmospheric  carbon  dioxide. 
The  bulbs  O  contained  strong  sulphuric  acid,  and  the  tubes  /  were 
Qled  with  pumice  moistened  with  the  same  acid,  by  means  of 
whicb  the  moisture  was  withdrawn  from  the  air.  When  the  copper 
was  heated  and  the  cocks  partially  opened,  air,  free  from  carbon 
dioxide  and  moisture,  was  slowly  drawn  over  the  heated  metal, 
^ich  was  thereby  converted  into  the  oxide.  At  the  conclusion 
of  the  experiment  the  globe  and  the  tube  T  were  reweighed.  The 
lutrog^en  remaining  in  tube  T  was  then  pumped  out  and  the  tube 
once  more  weighed.  The  difference  between  the  two  last  weigh- 
ings of  tlie  tube,  added  to  the  gain  in  weight  suffered  by  the  globe, 
gave  the  nitrogen ;  while  the  difference  between  the  original  and 
final  weights  of  the  tube  gave  the  increase  of  weight  suffered  by 
tbc  copper,  that  is,  the  amount  of  oxygen.    The  result  of  numerous 

opeiiinents  gave  the  mean  composition — 

Oxygen 23  parts  by  weight 

Nitrogen _77    »>  »» 

100 
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A  more  rnodem  method  for  ettimating  the  amounts  of  a    _ 
and  nitrogen  in  the  air,  based  upon  tbe  same  pnociple,  namely,  Iki':    ' 
absorption  of  the  oxygen  by  heated  metallic  copper,  is  illustralai* 
in  Fig.  5 1  (known  as  Jolly's  apparatus).    Tbe  sample  of  air  tc  ' 
examined  is  allowed  to  enter  die  glass  globe  A  (whose  capacity  ii  < 
about  100  cc.,  and  which  has  been  previonsly  exhausted)  by  ni 
of  the  three-way  cock  b.    (The  air  b  fint  dried,  by  being  dnm 
through  tubes  filled  with  pumice  moistened  mth  sulphuric  acid,  <■ 
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iis  way  into  the  apparatus.)  The  bulb  is  then  suirounded  by  the 
metal  jacket  B,  which  is  filled  with  broken  ice,  and  when  the  tem- 
perature has  fallen  to  o*  the  bulb  is  put  into  communication  with, 
the  tube  d  by  means  of  the  three-way  cock.  The  tube  g  is  then 
raised  or  lowered,  so  as  to  bring  the  mercury  in  i/ to  a  fixed  poiitt 
in  the  tube  at  m,  and  the  tension  of  the  enclosed  air  is  ascertained 
by  the  graduated  scale  behind  tube  g.  The  ice-Jacket  is  then 
removed,  and  the  spiral  of  copper  wire  within  the  bulb  is  heated 
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ID  ledneis  by  the  passage  through  it  of  an  electric  current  The 
L  copper  oomlniies  under  these  conditions  with  the  oxygen,  form- 

ng  copper  oxidey  thereby  reducing  the  volume  of  the  contained 
^    Tlie  globe  is  again  cooled,  and  the  tube  g  lowered  to  such 

•a  posidon,  that  when  communication  is  once  more  made  between 

tte  globe  and  tube  d^  the  mercury  shall  stand  at  the  same  point  m. 
From  the  observed  tension  of  the  gas  before  and  after  the 
opaimenty  the  volume  relations  of  the  two  constituents  can  be 
fiVwiytf^  Thus,  suppose  the  tension  of  the  enclosed  air  to  be 
71Q.25  moL,  and  that  of  the  residual  nitrogen  569.28  nrni.,  then  for 
I  vobme  of  air  the  reduction  would 


7^  -  -'^  -'- 

Tlmtfore  in  100  volumes  the  composition  would  be — 

Nitrogen  ■>  79.04 
Oxygen    —  2a96 

100.00 

Besides  oxygen  and  nitrogen,  the  air  contains  variable  quantities 
of  the  following  gases :  carbon  dioxide,  aqueous  vapour,  ammonia, 
oniie,  nitric  acid.  With  the  exception  of  aqueous  vapour,  these 
sobstances  are  present  only  in  relatively  small  proportions,  and 
with  all  of  them  the  amount  is  liable  to  considerable  variation. 
Especially  is  this  the  case  with  the  aqueous  vapour,  as  the  amount 
of  this  constituent  present  at  any  time  is  largely  influenced  by  the 
(onperature.  The  average  composition  of  normal  air  may  be 
taken  as  follows  : — 


Nitrogen 
Oxygen. 
Aqueous  vapour 
Carbon  dioxide 
Ammonia 
Ozone    . 
Nitric  acid 


VoUu  per  1000. 

779.0600 

206.5940 

14.0000 

0.3360 

0.0080 

0.0015 

0.0005 

looaoooo 


Aqneons  Vapoiir. — For   any  given   temperature  there  is  a 
maximum  amount  of  aqueous  vapour,  which  a  given  \o\umt  ol  ^u 
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is  capable  of  taking  up  :  under  these  conditions  the  air  is  wAfdM 
be  seUurated  with  moisture  at  the  particular  temperature.  TlMriF^ 
cubic  metre  of  air  is  saturated  with  moisture  at  the  varioas  tempo*  'i 

At  20     .     17.157  grammes.      T 


water : — 


At   o*    .    4.871  grammes. 
„  lo*    .    9.362        „ 


„  30     .    3<w^5 


When  air,  saturated  with  moisture  at  say  20%  is  cooled  to  vty 
the  excess  of  water  beyond  9.362  (the  maximum  for  10*)  is  depositet'j 
either  as  mist  or  rain.  The  temperature  at  which  air  thus  begni 
to  deposit  moisture  is  called  the  dew-fmrU.  The  depositioii  of 
moisture  from  the  air  caused  by  the  lowering  of  the  temperatnn 
is  a  matter  of  everyday  observation.  A  glass  vessel  contaimng 
iced  water,  becomes  bedewed  with  moisture  upon  the  outside,  ai 
the  air  in  its  immediate  vicinity  is  cooled.  When  a  season  of 
severe  frost  is  suddenly  followed  by  a  warm  wind,  highly  chaiged 
with  aqueous  vapour,  it  is  not  unusual  to  see  condensed  moistuio 
collecting  upon,  and  streaming  down,  the  cold  surface  of  walk 
For  the  same  reason,  after  the  sun  has  set,  and  the  heat  from  die 
ground  has  radiated,  leaving  the  ground  colder  than  the  atmos- 
phere, the  temperature  of  the  air  is  lowered,  and  it  begins  to 
deposit  its  aqueous  vapour  in  the  form  of  dew. 

The  amount  of  aqueous  vapour  in  the  air,  or  the  humidity  of  tte 
air,  is  estimated  by  meteorologists  by  means  of  an  instrument 
called  .the  wet  and  dry  bulb  thermometer. 

Carbon  Dioxide.— The  proportion  of  this  gas  present  in  tbi 
air  is  also  liable  to  considerable  variation,  although  not  throqgk 
such  a  wide  range  as  the  aqueous  vapour.  The  processes  rf 
respiration,  combustion,  and  putrefaction  are  attended  by  tbo 
evolution  of  carbon  dioxide,  hence  the  amount  of  this  gas  preseot 
in  closed  inhabited  places,  is  greater  than  that  in  the  open  air ;  ii 
badly  ventilated  and  crowded  rooms,  the  proportion  sometime! 
rises  to  three  parts  in  1000  vols.  Frankland  has  found  that  at  higk 
elevations  the  amount  of  carbon  dioxide  in  the  air  is  often^  although 
not  invariably,  considerably  above  the  normal. 

At  Chamounix  (3000  feet)  the  amount  of  carbon  dioxide  was  a63  per  1000  volfc 
,,  Grands  Mulcts  (11.000  feet)   „  „  „    i.ii       „         „ 

..  Mont  Blanc  (15,732  feet)       „  „  „    a6i       „ 

This  fact  is  probably  due  to  the  absence,  in  these  high  regions. 
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f  the  vegetation  which  is  one  of  the  chief  natural  causes  operating 
o  remove  atmospheric  carbonic  dioxide  (see  Oxygen,  page  166). 

The  amount  of  carbon  dioxide  is  slightly  higher  during  the 
sight,  and  often  rises  considerably  during  foggy  weather.  Thorpe 
bas  shown  that  near  the  surface  of  ^e  sea,  the  amount  of  carbon 
dioxide  in  the  air  is  slightly  less,  being  on  an  average  a3oo  vols, 
per  looa 

Ammonia  in  the  atmosphere  is  derived  from  the  decomposition 
of  nitrogenous  organic  matter.  Although  present  in  relatively 
lery  small  quantities,  it  varies  in  amount  very  considerably.  From 
the  experiments  of  Angus  Smith,  1000  grains  of  air  from  various 
MNirces  were  found  to  contain  the  following  amounts  of  ammonia : — 


London        • 

.    ao5  grammes. 

Glasgow 

.        .    0.06        „ 

Manchester . 

•    0.10        „ 

The  proportion  of  anmionia  appears  to  be  higher  during  the 
night  than  in  the  daytime,  and  immediately  after  heavy  rain  the 
amount  is  perceptibly  diminished. 

Rain  water  always  contains  ammonia,  although  the  amount 
varies  greatly  with  changing  atmospheric  and  climatic  conditions. 
Lawes  and  Gilbert,  Angus  Smith,  and  others,  have  made  a  large 
number  of  estimations  of  the  amount  of  ammonia  in  rain  water  at 
various  places  and  seasons,  and  under  many  different  conditions. 

mtrie  Aeidt  present  in  the  form  of  nitrates  and  nitrites,  is 
produced  in  the  atmosphere  by  the  direct  union  of  oxygen  and 
nitrogen  whenever  a  lightning  flash  passes  through  the  air  (see 
Nitric  Add).  Rain  which  falls  during  or  immediately  after  a 
thunderstorm  is  found  to  contain  nitrates  and  nitrites. 

These  two  nitrogenous  compounds,  ammonia  and  nitric  acid, 
although  present  only  in  such  small  proportion  in  the  atmosphere, 
fulfil  a  most  important  function  in  the  economy  of  nature.  From 
the  experiments  of  Lawes  and  Gilbert  and  others,  it  has  been  shown, 
that  most  plants  are  unable  to  draw  upon  the  free  nitrogen  of  the 
atmosphere,  for  the  supply  of  that  element  which  they  require  for 
the  development  of  their  structure  and  fruit.^  Although  they  are 
surrounded  by,  and  bathed  in,  nitrogen,  they  cannot  assimilate  it. 
Plants  that  are  growing  in  unmanured  soil,  therefore,  derive  their 

*  Leguminous  plants,  such  as  clovers,  vetches,  beans,  peas,  nvVucVi  dtv^^ 
raot-noduler  cr  tiAerdes,  are  exceptions. 
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nitrogen  from  the  ammonia  and  nitric  add  which  are  present  ni- 
the  air,  and  which  are  washed  into  the  ground  by  the  lain.  It  hai^ 
been  found  that  a  plant  grown  under  such  experimental  conditkNii , 
as  to  exclude  the  possibility  of  its  obtaining  supplies  of  these  nitni-  j 
genous  compounds,  will  yield  upon  analysis  exactly  the  sane  i 
amount  of  nitrogen  as  was  originally  contained  in  the  seed  from  i 
which  it  grew. 

Ozone. — The  causes  which  operate  in  the  formation  of  this  sob- 
stance  in  the  air  are  at  present  imperfectly  known  :  it  is  supposed 
that  its  occurrence  is  related  to  the  development  of  electricity  in 
the  atmosphere.  On  account  of  the  powerful  oxidising  character 
of  ozone,  its  presence  can  never  be  detected  in  the  air,  where  mudi 
organic  matter  of  an  oxidisable  nature  is  present,  as  is  the  case  in 
the  air  of  such  places  as  malarial  swamps,  dwelling-houses,  and 
large  towns. 

The  amount  of  ozone  in  pure  country  air  has  been  found  to  vary 
with  the  time  of  year,  reaching  a  maximum  in  the  spring-time,  and 
gradually  ^ling  towards  winter.  Thorpe  has  found  that  in  sea 
air  the  amount  of  ozone  is  practically  constant  during  all  seasons. 

The  usual  method  which  is  available  for  the  detection  and 
estimation  of  ozone  in  the  air  is  extremely  crude.  It  consists  in 
exposing  ozone  test-papers  (see  Ozone)  to  the  air  for  a  certain  time, 
and  comparing  the  colour  that  is  produced  'mih  a  standard  scale 
of  tints :  moreover,  other  substances  than  ozone,  which  may  be 
present  in  the  atmosphere,  will  also  liberate  iodine  from  potassium 
iodide,  and  these  are  therefore  measured  as  ozone.  Besides  the 
higher  oxides  of  nitrogen,  which,  as  we  have  seen,  are  formed  in  the 
atmosphere,  and  which  liberate  iodine  from  potassium  iodide,  it  has 
been  shown  that  peroxide  of  hydrogen  is  also  present  The  state  of 
our  knowledge  at  present,  therefore,  respecting  the  exact  amount  of 
atmospheric  ozone,  and  its  variation,  is  far  from  satisfactory  ;  it  is, 
indeed,  quite  possible  that  many  of  the  effects  which  have  been  attri- 
buted to  ozone,  are  in  reality  due  to  peroxide  of  hydrogen.  Thus  it 
has  been  shown  by  Sch5nbein  that  this  compound  is  formed  during 
the  evaporation  of  water,  and  this  statement  probably  derives  con- 
firmation from  the  fact  that  its  presence  may  be  detected  in  rain 
water.  The  salubrity  of  the  air  of  the  sea-shore,  where  large  areas 
of  wet  sand  and  stones  offer  the  most  perfect  conditions  for  the 
rapid  evaporation  of  water,  and,  consequently,  for  the  formation  of 
peroxide  of  hydrogen,  may  therefore  be  attributable  as  much  to  the 
presence  of  this  substance  as  to  the  proverbial  ozone. 
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Tlie  various  gases  of  which  the  air  is  composed,  are  not  com- 
bined, but  are  merely  mingled  together.  The  remarkable  con- 
FCancy  of  its  composition,  as  regards  the  oxygen  and  nitrogen,  led 
at  one  time  to  suppose,  that  these  gases  were  in  chemical 
with  each  other  in  the  atmosphere  ;  but  a  number  of  facts 
■pfaidi  have  since  been  learnt  respecting  these  gases,  prove  with- 
doubt  that  this  u  not  the  case,  and  that  the  air  is  simply  a 
mixture,  lliis  evidence  may  be  briefly  sununed  up 
■S  follows  : — 

(i.)  When  oxygen  and  nitrogen  are  mixed  together  in  the  pro- 
ion  in  which  they  occur  in  air,  the  resulting  mixture  behaves 
all  respects  like  ordinary  air,  and  the  mixing  of  the  gases  is  not 
■ttcodcd  by  any  volumetric  or  thermal  disturbance,  such  as  would 
\ft  cKpecrted  to  accompany  the  chemical  union  of  two  elements. 

(2.)  The  degree  to  which  air  is  capable  of  refracting  light,  is 
fbond  to  be  the  mean  of  the  refractive  power  of  oxygen  and 
lutrogen.  Were  these  gases  chemically  combined,  the  compound 
should  behave  in  this  respect  as  other  compound  gases,  where  it 
is  found  that  the  refractive  index  is  always  either  greater  or  less 
than  the  mean  of  that  of  the  constituents. 

(3.)  According  to  a  fundamental  law  of  chemical  science,  the 

composition  of  a  cfaenucal  compound  is  constant    Such  a  thing  as 

-    variability  in  the  composition  of  a  compound  is  unknown.    The 

proportion  of  oxygen  and  nitrogen,  as  we  have  seen,  does  vary  in 

the  ur,  althouj^  through  only  small  limits,  hence  they  cannot  be 

-;  mited  to  form  a  compoimd. 

(4.)  The  proportion  by  weight  in  which  oxygen  and  nitrogen  aie 
present  in  ur,  bears  no  simple  relation  to  the  atomic  weights  of 
these  elements. 

(5.)  When  ur  b  dissolved  in  water,  the  oxygen  and  nitrogen 
dissolve  as  from  a  simple  mixture  of  these  gases,  in  accordance  to 
the  law  of  partial  pressures  (see  page  127}. 

(6l)  The  oxygen  and  nitrogen  can  be  partially  separated,  by 
taking  advantage  of  the  different  rates  of  diffusion  of  these  two 
gises'(see  Diffusion  of  Gases,  page  80). 

The  various  gases  of  the  atmosphere  are  maintained  in  a  state 
of  uniform  admixture,  in  spite  of  their  widely  different  densities, 

fby  the  operation  of  two  causes  :  first,  air  currents,  which  effect  the 
lapid  removal  of  laige  masses  of  air  from  place  to  place ;  and, 
second,  their  own  molecular  movements,  which  bring  about  the 
phenomena  oi gaseous  diffusion. 
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Snipended  Impnrttlai  In  the  Atmoiphwa. — Besida  i 

gueons  coDstituenis  of  tbe  air,  then  i*  alway*  present  a  caU 
quantity  of  suspended  matter,  both  Hqiud  and  solid.  Tlie  en 
ence  of  tliia  suspended  matter  in  the  air,  can  be  rendered  ciith 
from  the  fact,  that  these  minute  panicles  are  citable  of  leflecti 
light ;  if,  therefore^  a  strong  beam  of  light  be  passed  throogh 
daikened  room,  the  ttack  of  the  beam  is  distiDctljr  vinfal^ 
account  of  its  being  reflected  fiom  innumerable  particks  floaii 
about  in  the  air,many  of  them  appealing  quite  large.  Pasteorl 
shown,  that  this  suspended  matter  can  be  removed  by  fihnti 
through  cotton  wooL*  Tyndall  also  has  shown,  that  in  nnd 
tnrbed  air  the  suspended  matter  setdes  in  the  camx  of  a  i 
hours,  leaving  the  air  almost  entirely  free  fitMn  this  imporil 
For  this  purpose  the  floor  of  a  large  oUong  glass  bitt  w 
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smeared  over  with  glycerine.  The  box,  after  being  hermetica 
closed,  was  then  allowed  to  stand  for  twenty-four  hours,  duri 
which  time  the  suspended  matter  subsided,  and  adhered  to  I 
glycerine.  When  a  beam  of  light  is  allowed  to  pass  through 
that  has  been  thus  freed  from  suspended  matter,  there  bd 
nothing  present  to  reflect  the  light,  the  beam  cannot  be  se( 
its  track  will  be  evident  in  the  air  of  the  room  as  it  eaters  a 
leaves  the  box,  but  within  the  box  it  will  be  invisible  (as  rep 
sented  in  Fig.  53}.  To  air  in  which  a  beam  of  light  is  in  this  « 
invisible,  Tyndall  has  applied  tlie  tetm  "  optically  pure." 

The  suspended  matters  are  partly  mineral  and  partly  orgai 

Of  the  mineral  matters,  sodium  chloride  and  certain  sulpha 

are  present  in  greatest  quantity.    These  are  thrown  into  Uie 

in  the  sea-spray,  and  as  the  small  globules  of  water  evapon 

*  Sec  Expcrimeau  317  to  335.  "  Cbemial  Lectun  EipBriincnU." 
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ave  minute  residual  particles  of  saline  matter,  which, 
riven  by  the  wind,  remain  floating  in  the  atmosphere.  It 
very  rarely,  even  at  fiur  inland  places  in  Europe,  that  spec- 
ie examination  fails  to  detect  the  presence  of  sodium  corn- 
in  the  air.  In  the  air  of  islands,  such  as  England,  it  is 
ibsenL  Sulphates  are  also  produced  by  the  oxidation  and 
ition  of  sulphuretted  compounds  ;  the  amount  of  these,  there- 
greatly  increased  in  the  neighbourhood  of  towns. 
organic  suspended  matter  of  the  air  has  of  late  years  been 
the  subject  of  extended  research.  Pasteur  has  shown  that 
St  these  organic  substances  are  the  germs  and  organisms 
produce  fermentation,  putrefaction,  and  disease.  Putrescible 
aces,  such  as  milk,  urine,  flesh,  &c,  if  themselves  carefully 
rom  all  such  germs,  ihay  be  preserved  unchanged,  for  ap- 
ly  any  length  of  time,  in  air  that  has  been  deprivc^l  of  all 
dcd  matter.  It  u  highly  probable  that  the  salubrity  or 
ise  of  different  places,  is  associated  with  the  nature  and 
it  of  the  organic  matter  in  the  air,  and  it  is  certain  that 
xgamsms  play  a  most  important  part  in  relation  to  the  life 
sahh  of  man.  The  feelings  of  lassitude  and  headache,  which 
from  the  prolonged  breathing  of  the  air  of  rooms  containing 
people,  are  brought  about  more  by  the  poisonous  effects  of 
ganic  emanations  evolved  during  respiration,  than  by  any 
ition  in  the  supply  of  oxygen,  or  increase  in  the  proportion 
bon  dioxide  in  the  air.  The  well-known  and  unpleasant 
that  is  perceived  on  first  entering  a  crowded  room,  is  also 
>  the  same  cause,  and  it  has  been  shown  that  the  moisture 
condenses  from  such  an  atmosphere  upon  a  cold  object,  if 
ved  for  a  short  time,  rapidly  becomes  putrescent,  owing  to 
icomposition  of  this  organic  matter. 

!  presence  of  suspended  matter  in  the  air,  appears  to  exert  a 
kable  influence  upon  the  formation  and  character  of  fogs, 
t  has  shown  that  those  conditions  which  result  in  the  forma- 
f  a  fog  in  ordinary  air,  are  incapable  of  producing  that  effect 
that  has  been  freed  from  suspended  matter.  It  would  appear 
he  suspended  particles  act  as  innumerable  points,  or  nuclei, 
facilitate  the  deposition  of  moisture,  much  in  the  same  way 
s  crystallisation  of  a  salt,  from  its  solution,  is  known  to  start 
uiy  minute  particles  of  foreign  matter  that  may  be  floating  in 
|uid. 
5  height  to  which  the  atmosphere  extends  has  been  vai\o>3L'8\'^ 
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estimated.    From  observations  of  the  flight  of  meteorites,  H 
pears  that  even  at  a  height  of  seventy  to  seventy-five  milei 
air  still  has  a  sensible  degree  of  density.    The  air  being 
and  subject  to  the  law  of  gravitation,  its  density,  which  is 
at  the  earth's  surface,  rapidly  diminishes  as  the  altitude  i 
thus,  at  about  three  and  a  half  miles  the  density  is  only 
and  at  seven  miles  one-third,  of  that  which  obtains  at  the 
From  a  consideration  of  the  physical  properties  of  gasesy  tiien 
every  reason  to  believe,  that  in  an  extremely  attenuated 
the  atmosphere  extends  far  into  space,  and  it  has  been 
that  the  pressure  exerted  by  our  atmosphere  upon  the 
the  moon,  is  equal  to  about  i  mm.  of  mercury. 

The  density  of  the  atmosphere  varies  at  different  points  of 
earth's  surface,  and  at  the  same  point  at  different  times. 
pressure  exerted  by  the  atmosphere  is  measured  by  the 
of  a  column  of  mercury  which  it  is  capable  of  supporting, 
instrument  employed  for  the  purpose  being  called  the  baroi 
At  the  sea-level  in  the  latitude  of  London,  the  average  weight 
the  atmosphere  is  equal  to  that  of  a  column  of  mercury  760 
at  0°,  and  this  is  taken  as  the  standard  pressure  of  ike 
phere. 


CHAPTER  VII 
COMPOUNDS  OP  NITROGEN  AND  HYDROGEN 


compounds  of  nitrogen  with  hydrogen  have  been  pre- 
pued,  namdy : — 

Ammonia NH^ 

c NjH^orCNH^^ 

icacid      ....    N3H  or  HN,. 


/ 


AMMONIA. 
Fonmda,  NH^.    Molecular  weight  =  17.    Density  =  8.5. 

HlstOiy. — Salts  of  ammonia,  and  also  the  aqueous  solution,  were 
known  to  the  alchemists.  It  was  termed  by  Glauber,  sfnriius  vola- 
Hlis  salts  armoHi'adf  being  obtained  by  the  action  of  an  alkali  upon 
sai-armaniaaim.  Subsequently,  when  anmionia  was  obtained  by 
the  destructive  distillation  of  such  refuse  as  hoofs  and  horns  of 
animals,  the  name  spirits  of  hartshorn  was  applied  to  it  The 
actual  discovery  of  gaseous  anmionia  was  made  by  Priestley 
(1774)9  when  he  collected  the  gas,  evolved  by  the  action  of  lime 
upon  sal-ammoniac,  by  means  of  his  mercurial  pneumatic  trough. 
Priestley  named  the  gas  alJkaiine  air. 

Oeenrrenee. — In  combination  as  carbonate  of  ammonia  it  is  pre- 
sent in  small  quantities  in  the  air,  derived  by  the  decay  of  nitro- 
genous animal  and  vegetable  matter.  As  nitrate  and  nitrite  it  is 
found  in  rain  water.  It  is  evolved,  along  with  boric  acid,  from  the 
fomaroles  of  Tuscany  (see  Boric  Acid),  and  is  found  as  chloride 
and  sulphate  in  the  vicinity  of  active  volcanoes. 

lodesof  FoniiatlOII.^1.)  Ammonia  can  be  synthetically  pro- 
duced, by  submitting  a  mixture  of  nitrogen  and  hydrogen  to  the 
influence  of  the  silent  electric  discharge  (Donkin).  The  amount 
of  ammonia  so  obtained,  however,  is  extremely  small,  and  can  best 
be  shown  by  passing  the  gases,  as  they  issue  from  the  ^  ozone 
tube,"  through  a  cylinder  containing  a  small  quantity  of  NessVcv'^ 
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solution.*      In  a  short  time   the   solution  will   begin  to  sho^  * 
yellowish   brown   colour,   indicating   the   presence   of  traced 
ammonia. 

^  <2.}  Ammonia  may  be  prepared  by  gently  heating  any  of 
salts,  with  either  of  the  caustic  alkalies,  potash  or  soda,  or 
slaked  lime.    The  salt  most  commonly  employed  is  the  ch! 
When  this  is  mixed  with  an  excess  of  slaked  lime,  and  the 
gently  heated  in  a  flask,  ammonia  is  evolved,  and  calcium 
and  water  are  formed — 

2NH4CI  +  CaHjO,  =  CaCl,  +  2H,0  +  2NH^ 

The  gas  may  be  dried  by  being  passed  through  a  qflioder 
taining  lumps  of  quicklime,t  and  may  then  be  collected  either  \/f    - 
>  upward  displacement,  or  in  the  mercurial  trough.     On  zccoaaHvif   ' 
•its  extreme  solubility  it  cannot  be  collected  over  water. 

(3.)  Anunonia  is  formed  by  the  action  of  nascent  hydrogen  upott 
salts  of  nitrous  and  nitric  acid,  thus — 

NaNO,  +  4H,  =  NaHO  +  2H,0  +  NH3. 

This  method  is  often  made  use  of,  in  the  quantitative  estimatioa 
of  nitrates  in  drinking  water. 

(4.)  When  nitrogenous  organic  matter  is  subjected  to  destroo- 
tive  distillation,  that  is,  strongly  heated  out  of  contact  with  air, 
ammonia  is  formed  :  hence  when  coal,  which  usually  contains  about 
2  per  cent,  of  nitrogen,  is  distilled  in  the  process  of  the  mann- 
facture  of  ordinary  illuminating  gas,  one  of  the  products  of  the 
decomposition  is  ammonia.  The  "anunoniacal  liquor"  of  the 
gas  works,  is  the  source  of  all  ammonia  salts  at  the  present  day. 
The  liquor  is  boiled  with  milk  of  lime,  and  the  anunonia  thai 
expelled  is  absorbed  by  sulphuric  acid.  The  ammonium  sulphate  so 
obtained  is  evaporated  to  dryness,  and  purified  by  recrystalUsation. 

Properties. — Ammonia  is  a  colourless  gas,  having  a  powerfblly 
pungent  smell,  and  a  strong  caustic  taste.     It  is  lighter  than  air, 
its  density  being  0.5S9  (air  »  i).    Ammonia  possesses  the  property  M 
of  alkalinity  in  a  very  high  degree  ;  it  turns  red  litmus  blue,  and 
yellow  turmeric  brown.    The  gas  is  unable  to  support  combustion, 

*  A  solution  of  mercuric  iodide  in  potassium  iodide,  readercd  alkaline  with 
potassium  hydroxide. 

t  The  usual  desiccating  agents,  namely,  sulphuric  acid,  or  phosphorus 
pentoxide,  are  inadmissible  in  the  case  of  ammonia,  as  this  gas  at  onoe  unites 
with  such  compounds. 
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s  iirespinblei  Under  -  onHnaiy  conditions  ammonia  is  not 
DStibley  bnt  if  the  air  be  hieated,  or  if  the  amount  of  oxygen  be 
lied,  the  gas  will  then  bum  with  a  flame  of  a  characteristic 
r-ochre  colour.  This  behaviour  of  ammonia  as  regards  com- 
ifity,  is  most  conveniently 
Ued  by  means  of  the  ap- 
I  shown  in  Fig.  53.-  A 
of  the  gas,  obtained  by 
heating  a  quantity  of  the 
aqueous  solution  in  a 
lask,  is  delivered  through 
which  is  surrounded  by 
r  glass  tube.  Through 
Ie  which  carries  this  tube 
id  tube  passes,  through 
i  supply  of  oxygen  can 
sed.  On  applying  a 
taper  to  the  jet  of  am- 
is it  issues  from  the  tube, 
le  noticed  that  the  gas 
B  the  heated  air  round 
le  of  the  taper,  but  is 

0  continue  burning  when 
ir  b  withdrawn.  If  now 
t  stream  of  oxygen,  be 
d  into  the  annular  wace 

1  tbe  two  tiibesy'the^ 
Cttdily  ignites,-  andt  c^timies  to  bum  with  its  character- 
ne.  On  cutting  off  theysupply  of  oxygen,  the  flame  of  the 
'  anuiionia-languiAes  an^dies  out 

Qpia  is  extremely  soluble  ik  water ;  i  cc  of  water  at  o*  C, 

the  Standard  pressure,  dissc^es  11 48  cc  of  ammonia, 

sd  at  0°  C.  and  760  mm.    The  solubility  rapidly  decreases 

empenUure  rises,  as  will  be  seen  by  the  following  table  : — 


Fig.  53. 


ICC  of  Water  4t 
y«t  mm.  DiMoIvM 

At    O*  . 

„     o  .  . 

„  i6*. 
.,  so'  .   . 


a«7S  • 

0.713  • 
0.582  . 

0.403  . 


c.c.  at  o*  C  and 
700  inin. 

1 148 

764 
529 
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When  a  aalution  of  ammonia  is  heated,  the  gaa  is  rapidly  eroha^ 
and  at  the  boiling  temperature  the  whole  of  it  is  given  up. 

The  great  solubility  of  this  gas  in  water  may  be  shown  by  filfi^ 
a  large  bolt-head  flask  with  ammonia  by  displacement,  the  flak 
being  closed  by  means  of  a  cork  through  which  a  long  tube  fKmm, 
as  shown  in  Fig.  54.  On  removing  the  cork  from  the  end  of  Ai 
tube,  water  slowly  rises  until  it  reaches  the  top,  and  as  soon  utha  , 
first  drops  enter  the  globe  the  absorptioi 
proceeds  with  great  rapidity,  the  water  beiif 
forced  up  the  tube  in  the  fonn  of  a  fountain 
which  continues  until  the  flask  is  fiUed. 

Commercial  liquor  ammoma  is  prepaicd 
by  passing  ammonia  gas  into  water;  tbt' 
strongest  solution  has  a  specific  gravity  of 
0.882  at  15°,  and  contains  3;  per  cenL  rf 
ammonia.  During  the  process  of  soiuCioi 
beat  is  liberated,  and  when  the  gas  is  again 
expelled,  the  same  atnount  of  heat  is  reab- 
sorbed. If  a  rapid  stream  of  air  be  driven 
,  through  a  quantity  of  strong  ammonia  solu- 
tion, contained  in  a  glass  flask,  the  am- 
monia gas  is  quickly  expelled  ;  and  if  the 
flask  be  placed  upon  a  wooden  block,  as 
seen  in  Fig.  5;,  upon  which  a  few  drops  of 
water  have  been  poured,  it  will  be  found 
that  after  a  few  moments  the  flask  will  halt 
become  firmly  froien  to  the  block.  By  the  rapid  evaporation  of 
'  1  this  way,  it  is  possible  to  lower  the  temperature  to 


Ammonia  is  an  easily  liquefiable  gas;  thus  at  15.5°  it  requires  a 
pressure  of6.9aimospheres,  and  ato°  only  4.2  atmospheres,  in  order 
to  liquefy  it.  The  gas  was  first  liquefied  by  Fantday  (1823},  by  heat- 
ing in  one  limb  of  a  closed  and  beni  glass  tube  (see  Fig.  2),  a  quantity 
of  a  compound  of  ammonia  with  silver  chloride,  the  other  limb  of 
the  lube  being  immersed  in  a  freezing  mixture-  Hie  experiment 
may  be  made  in  a  tube  construaed  as  seen  in  Fig.  56.  The  wide 
limb  is  nearly  filled  with  dry  precipitated  silver  chloride,  which  has 
been  saturated  with  ammonia  gas.  This  compound  melts  at 
about  38°,  and  at  a  somewhat  higher  temperature  it  gives  up 
If  the  narrow  limb  of  the  tube  be  immersed  in  a 
ure  while  the  compound  is  being  heated,  the  com- 


FlO.  54. 
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L  mfluence  of  the  cold,  and  the  pressure  exerted  by  th^ 
^ed  ammonia^  will  canse  the  gas  to  liquefy  and  collect  in  the 
portion  of  the  tube.  On  removing  the  tube  from  the  freezing 
ore,  and  allowing  the  other  end  to  cool,  the  liquid  ammonia 
boil  olTy  and  be  reabsorbed  by  the  silver  chloride,  refonning 
Miginal  compound. 

quid  ammonia  is  easily  obtained  in  larger  quantity,  by  passing 
through  a  glass  tube  immersed  in  a  badi  of  solid  carbonic 
ether.  Liquid  ammonia  is  a  colourless,  mobile,  and 
ily  refracting  liquid,  boiling  at  -  33.7*,  and  having  a  specific 
rity  at  o*  of  a6334.  When  cooled  below  -/s*"  it  solidifies  to  a 
a  of  white  crystals. 

iquid  ammonia  dissolves  the  metals  sodium  and  potassium,  the 
rtion  in  each  case  being  of  an  intense  blue  colour.  On  the 
poration  of  the  Uquid,  the  metal  is  deposited  unchanged. 


Fia  SS'  1^'c-  56- 

!)uring  the  evaporation  of  liquid  ammonia,  boiling  as  it  does  at 
low  a  temperature  as  —33.7*}  a  rapid  absorption  of  heat  takes 
oe,  and  as  this  substance  is  so  easily  obtained  it  was  one  of  the 
liest  liquids  employed  for  the  artificial  production  of  ice.  Various 
•making  nuurhines  have  been  invented  by  M.  Carr^,  in  which 
reduction  of  temperature  required  is  obtained  by  the  evapora- 
I  of  liquid  ammonia. 

jnmonia  is  decomposed  into  its  elements  at  a  temperature 
)w  a  red  heat.  In  this  decomposition,  two  volumes  of  ammonia 
5  one  volume  of  nitrogen,  and  three  volumes  of  hydrogen.  The 
eous  products,  therefore,  obtained  by  passing  ammonia  through 
id  hot  tube,  are  inflammable.  In  the  same  way,  when  electric 
iks  are  passed  through  anunonia,  the  gas  is  resolved  into  its 
stituents.  By  performing  this  experiment  upon  a  measured 
jme  of  ammonia,  conBned  id  a  eudiometer  over  metcuT^,  Vv.  >n\\\ 


244 


Inorganic  Chemistry 


be  found,  thajt  after  the  passage  of  the  sparks  for  a  short  time^  and 
the  readjustment  of  the  levels  of  mercury,  the  original  volume  of 
the  gas  has  been  doubled. 

The  fact  that  the  hydrogen  and  nitrogen  are  present  in  ammonia 
in  the  proportion  of  three  volumes  of  hydrogen  to  one  of  nitn^geo, 
can  be  shown  by  taking  advantage  of  the  foot  that  ammonia  ii 
decomposed  by  chlorine,  the  latter  combining  with  the  hydrpgen 
to  form  hydrochloric  acid,  and  the  nitrogen  being  set  free.    This  is 

effected  by  means  of  the  apparatus  shown 
in  Fig.  57.  The  long  glass  tube,  divided 
into  three  equal  divisions,  is  filled  with 
chlorine  and  closed  by  a  cork  carr>nng  a 
small  dropping  funnel.  A  few  cubic  cen- 
timetres of  strong  aqueous  ammonia  are 
poured  into  the  funnel  and  allowed  to 
enter  the  tube  drop  by  drop.  As  the  first 
two  or  three  drops  fall  into  the  chlorine, 
it  will  be  seen  that  the  combination  is 
attended  with  a  feeble  flash  of  light,  and 
fumes  of  ammonium  chloride  are  formed 
When  the  reaction  is  complete,  the  whole 
of  the  chlorine  will  have  combined  with 
hydrogen,  derived  from  the  ammonia,  to 
form  hydrochloric  acid,  and  this  in  its  ium 
will  combine  with  the  excess  of  anmionia 
added,  forming  ammonium  chloride.  This 
substance  dissolves  in  the  water.  A  small 
quantity  of  dilute  sulphuric  acid  is  next 
introduced  by  means  of  the  dropping  funnel 
in  order  to  absorb  the  remaining  excess  of 
ammonia.  The  atmospheric  pressmre  is 
then  once  more  restored  by  attaching  to 
the  funnel  a  bent  tube,  dipping  into  a  beaker  of  water  as  shown 
in  the  figure,  and  when  the  water  is  allowed  to  enter,  it  will  be 
found  to  flow  into  the  tube  until  it  reaches  the  second  gradua- 
tion. The  gas  which  is  lef%,  and  which  occupies  one  of  the 
divisions  of  the  tube,  is  found  on  examination  to  be  nitrogen. 
This  one  measure  of  nitrogen,  therefore,  has  been  eliminated  from 
that  amount  of  ammonia  which  has  been  decomposed  by  the 
chlorine,  with  which  the  tube  was  originally  filled.  Now  chlorine 
combines  with  its  own  volume  of  hydrogen,  therefore  the  volume 


Fig.  57. 
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of  hydrogen  which  was  in  combination  with  the  one  measure  of 
nitrogen,  is  equal  to  the  volume  of  chlorine  contained  in  the  tube, 
that  is  to  say,  it  was  three  measures.  We  have,  therefore,  one 
measure  of  nitrogen  and  three  measures  of  hydrogen,  or,  in  other 
words,  anmionia  is  a  combination  of  nitrogen  and  hydrogen  in  the 
proportion  of  one  volume  of  nitrogen  to  three  volumes  of  hydrogen. 
Anunonia  combines  directly  with  acids  forming  salts,  known 
as  ammonium  salts,  in  which  the  nitrogen  functions  as  a  pentad 
element ;  thus  with  hydrochloric  and  sulphuric  acids  it  jforms  respec- 
tively ammonium  chloride  and  ammonium  sulphate — 

NH3  +  HCl  =  (NH^jCL 
2NH3  +  H,S04  =  (NH4)3S04. 

(The  anmionium  salts  will  be  described  with  the  compounds  of 
the  alkali  metals.) 

H^dimibM^  NHj'NHs  or  NaH4. — This  compound,  was  first  prepared  by 
Cnrtins  (1887).  It  is  obtained  by  heating  together  in  a  sealed  tube,  to  a 
temperature  of  170*,  hydrazine  hydrate,  NsH^.H^O,  and  barium  monoxide. 
Under  these  ctrcomstanoes  the  barium  oxide  takes  up  the  water  from  the 
hydradoe  hydrate,  according  to  the  equation — 

BaO  +  NjHiHjO  =  Ba(HO)t  +  N,H4. 

When  the  tube  is  opened,  the  gaseous  hydrazine,  which  is  under  considerable 
prcssnre,  rushes  out  of  the  tube,  forming  dense  fumes  in  contact  with  the 
atmospheric  moisture,  with  which  it  combines  with  great  readiness. 

HJnlnLiln*  Hydrate,  NsH4HsO.— The  compound  formed  by  the  combina- 

tioQ  of  hydrazine  with  water  is  obtained  by  distilling  hydrazine  sulphate, 

N1H4HJSO4,  with  an  aqueous  solution  of  potassium  hydroxide  (caustic  potash) 

in  a  vessel  of  silver.    It  is  a  colourless,  fuming,  powerfully  corrosive  liquid, 

wfakh  boils  at  Z18.5*.     It  attacks  glass,  corks,  and  indiarubber,  and  can  only 

be  prepared  in  vesseb  of  silver  or  platinum  which  are  screwed  together  at  their 

jonctioas.    With  the  halogen  acids  it  forms  two  series  of  salts,  in  which  either 

one  or  two  molecules  of  the  halogen  acid  are  present ;  thus  with  hydrochloric 

add 


Hydrazine  monobydrochloride      .        .        .    N3H4,HC]. 
Hydrazine  dibydrochloride  ....     N2H4,2HC1. 

Hydnioio  Acid,  HN^ — Discovered  by  Curtius  (1890).  The  sodium  salt  is 
prepared  by  boiling  benzoylazo-imide  with  sodium  hydroxide,  when  sodium 
benzoate  and  sodium  hydrazoate  are  formed,  thus — 

C:,H,CO-N     II  +  2NaHO=CjHaCOONa  +  Na-N     ||  +HaO. 
\N  \N 

It  is  also  produced  when  sodamide  (obtained  by  healing  sodium  \i\  dr^ 
aiunoQia  j!B5>  a  hented  to  aoo"* in  a  stream  of  nitrous  oxide — 
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^The  sodium  bydrazoate  10  obtained  is  tben  gently  wormed  with  dflote  Hl|Mi 
add,  wben  sodium  sulphate  and  bydrazoic  add  are  formed,  thai— 

2NaN,  +  H,S04  '  Na,S04  +  2HN,. 


Propertiai. — ^lliis  compound  is  a  colourless  gas,  possessing  a 
pleasant  and  powerfully  penetrating  odour.  If  inhaled,  even  when  lufi^ 
diluted  with  air,  it  exerts  an  irritating  action  upon  the  miiooos  mimbri 
As  its  name  denotes  it  is  an  add  substance,  and  in  many  of  its  piopetlks  I 
strongly  resembles  the  halogen  adds.  The  gas  b  extremely  aohiUle  in  wattfi 
and  forms  a  strongly  add  liquid  which  smells  of  the  gas.  This  aohition  «ta 
boiled,  finally  assumes  a  definite  strength,  and  yields  on  distSktion  an  aqwoa 
add  of  constant  copiposition,  in  this  respect  resembling  aqueous  bydiuddvli 
acid,  q,v. 

In  its  constitution  this  add  may  be  compared  with  hydrocyanic  add,  and 
with  the  halogen  adds— 

H(Ng) ;  H(CN) ;  H(a) ;  H(Br), 

in  which  the  radical  cyanogen  (CN),  or  the  halogen  elements,  Q  and  Br,  are 
replaced  by  the  group  consisting  of  three  nitrogen  atoms. 

When  a  solution  of  bydrazoic  add  is  added  to  a  solution  of  siher  nitnue,  s 
white  precipitate  of  silver  bydrazoate  is  formed,  strongly  resembling  silver 
cyanide  and  silver  chloride.  This  silver  salt,  however,  is  not  acted  upon  by 
light  in  the  way  the  chloride  is,  and  it  differs  also  in  being  extremely  explosive. 
A  minute  quantity  of  the  compound,  when  touched  with  a  hot  wire,  detoaaiar 
violently. 

When  gaseous  bydrazoic  acid  is  mixed  with  gaseous  ammonia,  dense  white 
fumes  are  formed,  consisting  of  ammonium  bydrazoate.  These  two  bydridB 
of  nitrogen,  apparently  so  similar,  but  in  reality  so  widely  different,  unite  to 
form  the  ammonium  salt,  just  as  gaseous  hydrocblcuic  add  and  ammonia 
combine  to  form  ammonium  chloride,  thus — 

NH,+  H(N,)  =  NH4(NJ. 
NHj+HCl  =  NH4CL 

The  alkaline  hydride  of  nitrogen,  ammonia,  combines  with  the  acid  hydride  of 
nitrogen,  bydrazoic  acid,  and  forms  the  salt  ammonium  bydrazoate  NHiNj 

or  N4H4. 

HTDROXTLAKINB. 

Formula,  NH,(OH). 

Discovered  by  Lessen  in  1865. 

Modes  of  Formation. — (i.)  By  the  action  of  nascent  hydrogen 
upon  nitric  oxide,  nitric  acid,  or  certain  nitrates — 

2NO  +  3H,  =  2NH,(0H). 
HNO,  +  3H,  «  2H,0  +  NH^OH). 

The  nascent  hydrogen  is  evolved  from  tin  and  hydrochloric  add, 
and  a  stream  of  nitric  oxide  passed  through  the  mixttire.    The 
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drochloride  of  hydroxylamine  is  thus  obtained.  This  is  purified 
fint  passing  a  stream  of  sulphuretted  hydrogen  through  the 
intion.  The  tin  is  thus  precipitated  as  sulphide,  and  is  removed 
f  filtration.  The  filtered  solution  is  then  evaporated  to  dryness,  and 
tt  kydrochloride  of  hydroxylamine  is  dissolved  out  of  the  residue 
f  means  of  absolute  alcohol,  in  which  solvent  ammonium  chloride 
lady  very  slightly  soluble.  The  alcohol  is  then  distilled  off,  and 
be  lendne  is  converted  into  the  sulphate  by  being  treated  with  the 
quantity  of  sulphuric  acid.  Hydroxylamine  itself,  in 
solution,  is  obtained  from  the  sulphate  by  the  addition  of 
faguyta-water. 

(2.)  By  boiling  potassium  hydroxylamine-disulphonate  with  water 
ht  several  hours — 

iNiOHXSOjK),  +  4H,0  -  (NH,0H),S04  +  SKjSO^  +  H^O^. 

The  potassium  sulphate  is  removed  by  crystallisation. 

Properties. — Hydroxylamine  is  known  only  in  aqueous  solution. 
The  solution  is  colourless,  and  has  an  alkaline  character.  When 
the  solution  is  distilled  the  substance  is  partially  decomposed.  The 
tolntion  is  a  powerful  reducing  agent :  it  precipitates  gold  and 
mercury  fipom  their  solutions,  and  reduces  cupric  salts,  throwing 
down  the  red  cuprous  oxide  on  being  boiled. 

Hydroxylamine  is  a  base,  and  may  be  regarded  as  ammonia,  in 
vUch  one  of  the  hydrogen  atoms  has  been  replaced  by  the  monad 
group  hydroxyl  (OH).  Its  salts,  like  those  of  ammonia,  are  formed 
by  direa  union  with  an  acid,  without  the  elimination  of  water. 

NHjOH  +  HCl  =  NH3OHCI  (or  NH80H,HC1). 
2NH,0H  +  HjSO^  =-  (NH30H)8S04  (or  SNHjOH.HjSOi). 

The  salts  of  hydroxylamine  all  decompose  on  the  application  of 
heat,  with  a  more  or  less  sudden  and  violent  evolution  of  gas  ;  thus 
ibe  nitrate  breaks  up  with  almost  explosive  violence  into  nitric 
oxide  and  water — 

NHjOHHNOs  =  2N0  +  2H,0. 

AMMON-BULPHOMATEB. 

Iboe  compounds  mny  be  regarded  as  derived  from  ammonia,  by  the 
n^hal  replacement  of  the  hydrogen  by  the  group  SO3H  or  SO2OH. 

Ammoii-sulphonic  acid     .  NHslSO^H). 

Ammon-disulphonic  acid .  NH(S08H)9. 

Aoimon-trisulphoDic  acid.  N(SO^H)j^ 
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Potassium  ammon-tiisulithdiiAte  'is  precipitated  as'  a  OTStalUiie  Mk  i 
excess  of  a  solution  of  potaftsiatii  sulphite  is  added  to  a  jolntioQ  of  poM 
nitrite— 

SK^SQ,  +  KNOi  +  2H,0  ^  4KHO  +  N(SObR)t. 

Prolonged  boiling  with  water  converts  it  first  into  the  ammon-diiMlphoylf 

N(SO^K)|  +  H,0  «  NH  (SQ|R)a  4  HKSO4P 

and  finally  into  amtaon-^ulpjionate— 

NH(SOaKb  f  H^  s  NH^CSOsK)  +  HKSO4. 

. .  Ammon-sulphonic  add  is  a  stable  arystaUine  body ;  the  other  two  ad 
only  known  in  their  salts. 

When  an  ice-cold  solution  of  sodium  nitrite  ii  added  to  hydrofen  • 
sulphite,  a  compound  is  obtained  which  may  be  regarded  as  derived 
ammon-trisulphonic  acid  by  the  replacement  of  one  of  the  groups,  SQi 
hydrozyl,  OH— 

NaNO,  +  2NaHS0k  a  N(OHMSOsNa)a  +  NaHa 

On  the  addition  of  a  saturated  solution  of  potassimn  -diloride,  in  the  00 
sodium  salt  is  converted  into  the  potassium  salt,  which  slowly  crystallise 
the  solution,  with  two  molecules  of  water,  N(OHMSQ,K)i.2H^. 

This  potassiimi  hydroxylamine  disulphonate  is  an  unstable  oompoun 
on  boiling  with  water  the  two  SO^K  groups  are  replaced  by  hydrogen,  i< 
first  potassium  hydroxylamine  monosulphonate,  NH(OH)SOtK;  and 
hydroxylamine,  NH^OH. 


Compounds  of  Nitrogen  with  the  Halogen  Elbmi 

Nitrogen  TMdiloride,  NClf.— This  compound  was  discovered  by  I 
(18x1).    Its  true  composition  was  proved  by  Gattermann  (z888). 

Kode  of  Formation.— Nitrogen  trichloride  is  obtained  l^  the  ad 
chlorine  upon  ammonium  chloride — 

NH4a  +  30,  =5  NCI,  +  4HCL 

When  a  solution  of  ammonium  chloride  is  electrolysed,  the  chlorine,  w 
evolved  at  the  positive  electrode,  acts  upon  the  ammonium  chloride,  form! 
trichloride  of  nitrogen.* 

Properties. — Nitrogen  trichloride  is  a  thin  oily  liquid,  of  a  pale 
colour,  and  having  a  specific  gravity  of  1.65.     It  is  very  volatile,  and 
unpleasant  pimgent  smell,  the  vapour  being  extremely  irritating  to  the  e] 
is  the  most  dangerously  explosive  compound  known,   and  when  su 
heated,  or  brought  into  contact  with  grease,  turpentine,  or  phosphorus  it  i 
explodes.     It  also  explodes  on  exposure  to  sunlight.    At  a  temperature 
it  may  be  distilled,  but  the  operation  is  one  of  the  utmost  danger.     Ni 
trichloride  is  decomposed  by  ammonia,  forming  ammonium  chloride  an 


*  ,1^  "  Cl\emtc9^  Leip^ure  E^^perlmepits/'  No.  gS^, 
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cnoe  m  the  prepdxation  of  nitrogen  by  the  action  of  chlorine  upon 
he  pfesenoe  of  an  excess  of  ammonia  prevents  the  formation  of  this 
oonpoaod. 

ftfbranlde,  NBr^ — ^When  potassiimi  bromide  is  added  to  nitro- 
ride  beneath  water,  a  red,  oily,  highly  explosive  substance  is 
ilieved  to  be  the  tribromide  of  nitrogen. 

lodldt,  NHI^ — When  strong  aqueous  ammonia  is  added  to 
3diiiet  a  faroim-coloared  powder  is  formed  which  has  violently 
opertieib*  Alsawhen  alooholio  solutions  of  iodine  and  of  ammonia 
I  brown  and  highly  explosive  compound  is  produced.  The  com- 
•enenllj  been  calledjodide  of  nitrogen,  or  nitrogen  iodide,  but  its 
sitioQ  has  been  a  matter  of  dispute,  and  it  is  stiil  an  unsettled  point 
oompooad  obtained  by  the  different  methods  is  identical  or  not 
who  first  prepared  the  substance,  belit;ved  it  to  have  the  composi- 
4  this  view  was  held  by  Gay-Lussac  and  others.  Gladstone  and 
fered  that  the  substance  contained  one  atom  of  hydrogen,  and  that 
NHIs  expressed  the  coihposition.  The  recent  investigations  of 
))  prove  indubitably  that  the  compound  obtained  by  the  addition 
1  of  aqueous  ammonia  to  a  concentrated  solution  of  iodine  in 
odide,  has  the  composition  NHI>  Whether  under  different 
I  conditions  other  compounds  are  capable  of  formation,  in  which 
or  less  of  the  hydrogen  has  been  substituted  by  iodine,  such  as 
|I,  still  remains  to  be  proved.  The  reaction  by  which  the  com- 
dnoed  may  be  thus  expressed— 

SNHt  +  21,  =  NHI,  +  2NH4I. 

■. — Nitrogen  iodide  is  a  dark  chocolate-brown  powder.  When 
'  be  handled  without  much  risk- of  explosion,  although  it  has  been 
cplode  even  under  water.  When  dry,  the  substance  is  extremely 
le  jshock  caused  by  the  tread  of  a  fly  upon  it,  is  more  than  sufficient 
;  even  &Iling  dust  particles  vnll  sometimes  cause  it  to  explode.  To 
explosive  nature,  a  small  quantity  of  the  wet  substance  should  be 
ry  spontaneously  ui>on  a  wooden  block :  in  a  few  hours  it  will  have 
dently  dry  to  readily  explode  if  lightly  touched  by  a  feather. 
x)gen  iodide  is  placed  in  dilute  aqueous  ammonia,  and  exposed  to 
it  is  decomposed,  and  bubbles  of  nitrogen  are  seen  escaping  from 
id. 

*  Experiment  287. 


CHAPTER  VIII 

CARBON 
Symbol,  C    Atomic  wei^t  =  xi.97. 

Ooeumnoe. — ^This  element  is  capable  of  assuming'  thie 
tropic  fonns,  and  it  occurs  free  in  nature  in  each  of  these  mc 
tions,  viz.,  diamond,  graphite,  and  charcoal. 

In  combination  with  oxygen,  carbon  occurs  in  carbon  dio 
gas  which  is  present  in  the  air,  being  a  constant  product  0 
bustion  and  respiration.  In  combination  with  hydrogen  it 
as  marsh  gas.  Carbon  is  a  constituent  of  all  the  natun 
bonates,  such  as  limestone,  dolomite,  &c,  which  form  an  imf 
fraction  of  the  earth's  crust,  and  it  is  also  an  essential  cons 
of  all  organic  substances. 

Diamond. 

Occurrence. — This  substance  has  been  known  and  prize< 
the  remotest  antiquity.  It  is  found  in  various  parts  of 
mostly  in  river  gravels  and  superficial  deposits,  in  Brazil, 
Africa,  Australia,  and  various  parts  of  the  United  States, 
diamond  has  also  recently  been  obtained  from  extra -ten 
sources.  In  a  meteorite  which  fell  in  Russia  on  Septemi 
1886,  carbon  was  found,  partly  as  amorphous,  and  partly  a 
mantine  carbon. 

The  diamond  form  of  carbon  is  found  of  various  colours  ; 
times  it  is  dark  grey,  or  even  black,  stones  of  these  colours 
known  as  carbonado  and  bort.  The  former  of  these  is  ext 
hard,  and  is  of  great  value  for  use  in  rock-boring  and  < 
instruments.  Bort  is  used  in  the  crushed  condition  by  lap 
for  grinding  and  polishing. 

Occasionally  the  diamond  is  found  coloured  blue,  or  i 
green,  by  traces  of  foreign  materials.     Some  of  these  cc 
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i  are  of  g^reat  value  u  gems:  the  irell-known  ''Hope" 
Mid,  a  stone  weighing  44^  carats,  has  a  fine  sapphire  colour. 
e  origin  of  the  diamond  is  unknown,  although  many  theories 
been  put  forward  to  explain  its  formation.  Newton's  £unous 
estion  that  diamond  was  *'  an  unctuous  substance  coagulated," 
based  upon  its  remarkably  high  refractive  index.  The  cellular 
ctore  which  is  sometimes  to  be  seen  in  the  ash  that  is  left  when 
diuDond  is  burnt,  seems  to  indicate  that  it  is  of  vegetable 

bte  of  FormatlOlL — Innumerable  attempts  have  been  made 
Act  the  crystallisation  of  carbon  in  the  adamantine  form  ;  but 
ie  it  is  readily  possible  to  convert  this  variety  of  carbon  into  its 
iMpes  grraphite  and  charcoal,  the  transformation  of  these  back 
di  to  the  diamond,  is  a  problem  that  is  beset  with  the  greatest 
icoldes.  Moissan  has  recently  shown  *  that  the  carbon  which 
apible  of  being  dissolved  in  molten  iron,  and  which  is  usually 
RWted  in  the  graphitic  form  on  cooling,  can,  under  certain 
HfidoDS,  be  caused  to  take  up  the  adamantine  form. 
\f  raising  the  temperature  of  the  iron  to  about  3000''  by  means 
B  electric  furnace,  and  then  suddenly  cooling  the  molten  mass 
plunging  the  crucible  into  water  or  molten  lead,  until  the  cooled 
1  solidified  surface  is  at  a  dull  red  heat,  an  enormous  pressure  is 
aght  to  bear  upon  the  interior  and  still  liquid  portion.  Under 
se  circumstances,  a  part  of  the  carbon  which  is  deposited  by  the 
rly  cooling  mass,  was  found  by  Moissan  to  be  in  the  adamantine 
D.  On  dissolving  the  iron  in  hydrochloric  acid,  amongst  the 
iionaceous  residue  were  found  fragments  having  a  specific 
my  between  3.0  and  3.5,  and  sufficiently  hard  to  scratch  ruby, 
ae  of  the  fragments  were  the  black  or  carbonado  variety,  while 
ers  were  transparent  On  combustion  in  oxygen,  Moissan 
red  that  these  were  really  carbon  in  the  diamond  form. 
toperties. — The  diamond  in  its  purest  condition  is  a  colourless 
ttalline  substance.  Its  crystalline  form^  belong  to  the  cubic 
iem,  and  appear  to  some  extent  to  be  characteristic  of  the 
ility  in  which  the  element  occurs.  It  is  extremely  hard,  and 
lerately  brittle.  When  struck  with  a  hammer,  the  diamond  not 
f  splits  along  its  cleavage-planes,  but  also  in  other  directions, 
1  a  conchoidal  fracture.  It  does  not  conduct  electricity.  The 
nfic  gravity  of  diamond  varies  slightly  in  different  specimens,. 

*  CampUt  RendMs  dg  tAjsadhftig  da  ScUnces^,  voL  cxvi.  p.  21^ 
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the  mean  being  about  3.5.     Its  refractive  index  is  higher  thiil 
of  any  other  substance,  and  it  is  this  property  whidi 
peculiar  beauty  and  brilliancy  to  the  cut  stone. 

The  value  of  diamond  as  a  gem,  depends  largely  upon  its  < 
lessness,  except  in  the  case  of  those  rare  instances  liinat' 
colour  is  quite  definite  and  also  pleasing,  such  as  distinct  nd;] 
or  green. 

When  diamond  is  strongly  heated  it  becomes  Uack, 
creases  in  bulk,  being  converted  into  a  substance  haviiy 
properties  of  graphite.     Lavoisier  (1772)  was  the  first  to 
that  the  diamond  was  a  combustible  body,  and  that  it 
carbon  dioxide.     Davy  (18^4)  showed  that  carbon  dioxide  ^ 

only  product  of  its  combustion,  and 
that  diamond  was  pure  carbon. 

The  combustion  of  diamond  in 
may  readily  be  accomplished  by  meani 
the  apparatus  shown  in  Fig.  58.  A 
of  diamond  is  supported  upon  a  small 
of  platinum  foil,  which  bridges  across  M 
stout  copper  wires,  A.  These  wires  pil 
through  a  cork  in  a  perforated  glass  pbH 
and  are  lowered  into  a  cylinder  of  oxygw 
By  the  passage  of  an  electric  current^  tk 
little  platinum  boat  can  be  strongly  heatd 
when  the  diamond  will  become  ignited,  a» 
continue  to  bum  brilliantly  in  the  oxygen,  with  the  formation  c 
carbon  dioxide.  The  ash,  which  is  always  left  after  a  diamoa 
has  been  burnt,  varies  from  0.2  to  ao5  per  cent  of  the  stoM 
It  is  found  usually  to  contain  ferric  oxide  and  silica. 


Fig.  58. 


Graphite. 

Occurrence. — This  second  allotrope  of  carbon  is  much  moi 
plentiful  in  nature  than  the  first  It  is  found  in  large  quantitic 
in  Siberia,  Ceylon,  and  various  parts  of  India.  In  England  tli 
chief  source  of  graphite  has  been  the  mines  at  Borrowdale,  i 
Cumberland ;  this  supply  is  now  practically  exhausted.  Eno 
mous  quantities  of  very  pure  graphite  are  now  obtained  from  tl 
Eureka  Black- Lead  Mines,  in  California.  Graphite  also  occn 
in  many  specimens  of  meteoric  iron. 

Mode  of  FormatioiL — Molten  iron,  especially  when  it  contaii 
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^00,  is  capable  of  dissolving  a  considerable  amount  of  carbon, 
kli,  on  cooling,  is  deposited  in  the  form  of  black  shining  crystals 
[paphite.     Occasionally  considerable  quantities  of  graphite  are 

E deposited  in  this  way  in  iron-smelting  furnaces,  to  which  the 
"  Idsh  "  has  been  applied. 
pertles. — Graphite  is  a  soft,  shiny,  greyish-black  substance, 
Bdi  is  smooth  and  soapy  to  the  touch.  It  is  usually  found  in 
laminated  masses,  but  sometimes  crystallised  in  six-sided 
Its  specific  gravity  varies  in  different  specimens,  aver- 
about  2.5.  Graphite  is  a  good  conductor  of  both  heat  and 
ity. 
strongly  heated  in  oxygen,  graphite  takes  fire  and  burns, 
ig  carbon  dioxide,  and  leaving  an  ash  consisting  of  silica, 
and  oxide  of  iron.  Graphite  has  been  found  by  Regnault 
usually,  traces  of  hydrogen.  Graphite  is  employed  for 
Bmanu&cture  of  ordinary  lead  pencils ;  for,  on  account  of  its  soft- 
Mi^  it  leaves  a  black  mark  upon  paper  when  drawn  across  it. 
■r  the  purposes  of  the  pencil  manufacture  the  natural  graphite  is 
mod  to  powder,  and  carefiilly  washed  free  from  gritty  matter, 
k  then  mixed  with  the  finest  washed  clay,  and  the  pasty  mass  is 
ittd  by  hydraulic  pressure  through  perforated  plates.  The  name 
Siapbite,'  from  the  Greek  to  writer  is  given  to  this  substance  on 
SQOunt  of  its  use  for  this  purpose.  It  was  formerly  supposed 
•t  thb  material  contained  lead,  hence  the  names  black-lead  and 
*mmbago. 

Graphite  is  DELigely  employed,  on  account  of  its  refractoriness, 
r  the  manufacture  of  the  so-called  plumbago  crucibles,  which 
vsist  of  fireclay,  mixed  with  finely-ground  graphite. 
Other  uses  to  which  graphite  is  put,  are  for  glazing  or  polishing 
mpowder,  especially  the  larger  grained  varieties  ;  as  a  lubricant 
r  machinery,  where  oil  is  inadmissible  on  account  of  high  tem- 
!rature ;  for  electrotyping  processes,  and  also  as  a  coating  for 
ODwork,  to  prevent  rusting. 

Amorphous  Carbon. 

This  non-crystalline  form  of  carbon,  may  be  obtained  by  the 
(composition  of  a  great  variety  of  carbon  compounds,  by  the 
ocess  known  as  destructive  distillation.  The  carbon  so  obtained 
flfers  very  much  as  regards  its  purity,  according  to  the  particular 
ganic  compound  used  for  its  preparation.    The  commonesl  iotrcvs 
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of  amorphous  carbon  to  be  met  with,  arc  lampblack,  or  soot; 
carbon  ;  coke  ;  charcoal ;  animal  charcoal,  or  bone-black.  K 
of  these  substances  is  pure  carbon ;  animal  charcoal,  for 
usually  containing  only  about  lo  per  cent  of  carbon. 

Lampblack. — This  substance  is  manufactured  by  buroing 
stances  rich  in  carbon,  and  which  bum  with  a  smoky  fluN^ 
turpentine,  petroleum,  or  tar,)  with  a  limited  supply  of  air. 
smoke  is  passed  into  chambers  in  which  are  suspended 
blankets,  upon  which  the  soot  collects.    This  lampblack 
contains  hydrogen,  in  the  form  of  hydrocarbons.     If  the  soot 
heated  to  redness  in  a  stream  of  chlorine,  this  hydrogen  oi 
removed,  and  pure  amorphous  carbon  will  be  left. 

Lampblack  is  used  for  printers'  ink,  and  for  black  paint 

Gas  Carbon. — Thb  form  of  carbon  is  obtained  by  the 
tive  distillation  of  coal,  in  the  manufacture  of  illuminating 
It  remains  in  the  retorts  as  an  extremely  hard  deposit,  lioing 
roof  and  sides.    It  is  a  very  pure  carbon,  coming  second  to 
fied  lampblack.    Its  specific  gravity  is  about  2.35.    Gas  caifaoa 
a  good  conductor  of  electricity,  and  is  extensively  used  far 
manufacture  of  carbon  rods  for  the  arc  light 

Coke. — This  substance  differs  from  gas  carbon,  although  it  abl' 
is  obtained  in  the  process  of  coal  distilling.  It  contains  all  dK 
inorganic  matter  which  constitutes  the  ash  of  the  coal,  and  lbs 
small  quantities  of  hydrogen,  nitrogen,  and  oxygen.  The  aveiap 
amount  of  carbon  in  coke  is  about  91  per  cent. 

Charcoal. — The  purest  form  of  charcoal  is  obtained  by  the 
carbonisation  of  pure  white  sugar,  and  the  subsequent  ignition  of 
the  charcoal  in  a  stream  of  chlorine  gas.  Charcoal  so  obtainei 
has  a  specific  gravity  of  1.57.  Charcoal  in  a  much  less  pure  con- 
dition is  manufactured  from  wood.  The  methods  by  which  the 
carbonisation  of  wood  is  carried  out  are,  broadly,  of  two  kinds: 
first,  those  in  which  access  of  air  is  permitted  to  the  burning 
material ;  and,  second,  those  in  which  air  is  excluded. 

The  first  of  these,  and  the  most  ancient,  is  generally  carried  00 
in  more  primitive  parts,  where  wood  is  plentiful.  The  wood  is 
piled  into  mounds  or  stacks,  which  are  built  with  some  cait 
They  are  set  on  fire  in  the  interior,  by  means  of  a  lighted  bundle 
of  brushwood,  which  is  introduced  through  a  vertical  opening  or 
chimney,  left  for  this  purpose  in  the  centre  of  the  mound  during io 
construction.  The  outside  of  the  heap  is  covered  with  brushwoodi 
and  finally  with  turf,  in  order  to  regulate  the  access  of  air  to  the 
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erior,  and  therefore  to  control  the  rate  of  combastion  of  the  wood, 
le  object  of  the  charcoal-burner  is  to  carbonise  the  wood  as 
■vly  as  possible.  In  this  process  there  is  great  liability  to  loss, 
f  the  too  rapid  combustion  of  the  wood  ;  and,  in  addition,  it  pes- 
BBes  the  disadvantage  that  the  secondary  products,  such  as  the 
Sfnligneous  acid,  tar,  &c,  are  entirely  lost. 
■Various  modifications  have  been  introduced  into  the  method  of 
pimg  wood,  as  the  process  is  termed,  with  a  view  to  collect  these 
ndocts. 

In  the  second  general  process  of  carbonising  wood,  the  material 
I  heated  in  ovens  or  retorts  from  the  outside,  no  air  being  admitted 
)  the  wood.  The  operation  is  very  similar  to  that  employed  in 
le  destructive  distillation  of  coal,  in  the  manufacture  of  coal  gas. 
I  these  methods  all  the  volatile  and  condensable  products  are 
lOected ;  among  these  are  water,  pyroligneous  acid,  wood  spirit, 
setone,  and  flatty  oils.  The  non-condensable  products  consist 
ainly  of  such  gases  as  hydrogen,  carbon  monoxide,  carbon  di- 
ode^ marsh  gas,  and  acetylene. 

Animal  ChareoaL — Bone-black  is  obtained  by  the  carbonisa- 
Mi  of  bones  in  iron  retorts.  This  variety  of  charcoal  is  the  least 
ire  of  all  the  ordinary  forms  of  amorphous  carbon. 
Bone  contains  only  about  30  per  cent,  of  organic  matter,  the 
her  70  per  cent  consisting  chiefly  of  calcium  phosphate,  asso- 
Ued  with  small  quantities  of  magnesium  phosphate  and  calcium 
itMmate.  It  will  be  obvious,  therefore,  that  as  the  carbon  is 
rived  from. the  organic  matter,  the  amount  of  it  in  carbonised 
ines  must  be  smalL  The  average  composition  of  animal  char- 
ol  is  found  to 


Carbon lo.o 

Calcium  phosphate 88.0 

Other  saNne  substances     ....      2.0 


100.0 


Ithough  containing  relatively  so  small  an  amount  of  carbon, 
mmal  charcoal  possesses  many  of  the  valuable  properties  of 
harcoal  in  a  highly  marked  degree,  owing  to  the  fact  that  it  con- 
uns  its  carbon  disseminated  throughout  an  extremely  porous  mass 
rf  calcium  phosphate. 

PropertiM  of  ChaFCOal. — Charcoal  varies  very  considerably  in 
in  properties^  depending  upon  the  particular  wood  from  >n\v\cYv  \V 
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is  obtained,  and  the  method  by  which  it  is  prepared.    Tfaiis,< 
coal  obtained  at  300"  is  a  soft,  brownbh-black,  very  friable 
having  an  igniting  point  as  low  as  380^     On  the  other 
charcoal  prepared  at  very  high  temperatures  is  black  and 
paratively  dense,  and  requires  to  be  strongly  heated  in  order  Hi 
ignite  it 

Under  ordinary  circumstances,  charcoal  bums  in  air  without  Ae  \ 
formation  of  a  flame,  or  the  production  of  smoke.  At  hightCB-' 
peratures,  however,  the  combustion  of  charcoal  is  seen  to  bei 
attended  by  a  flame.  This  is  probably  accounted  for  by  the  te, 
that  as  the  temperature  at  which  the  combustion  of  carbon  takb 
place  is  raised  above  700^  the  amount  of  carbon  nK>noxide  liisA 
is  formed  increases,  and  the  carbon  dioxide  decreases.* 

When  charcoal  is  thrown  upon  water  it  floats,  on  account  of  tbc 
air  which  is  enclosed  within  its  pores.  The  specific  gravity  d 
charcoal  when  thus  filled  with  air,  varies  from  a  106  (charcoal  madi 
from  the  ash)  to  0.203  (charcoal  from  the  birch).  If  the  air  bi 
withdrawn  from  charcoal  it  sinks  in  water,  the  average  spedA 
gravity  of  charcoal  itself  being  1.5. 

Ordinary  charcoal  is  a  bad  conductor  of  electricity,  but  its  coo 
ductivity  is  greatly  increased  by  strongly  heating  the  charcoal  b 
closed  vessels. 

Charcoal  has  the  power  of  absorbing  gases  and  vapours  to  ; 
remarkable  extent :  this  power,  which  is  exhibited  to  a  differen 
degree  by  the  various  kinds  of  charcoal,  is  due  to  the  porosity  c 
the  material,  whereby  it  exposes  a  very  large  surface;  and  i 
belongs  to  a  class  of  phenomena  known  as  surface  action. 

If  a  fragment  of  charcoal,  recently  strongly  heated  to  expd  tb) 
air  from  its  pores,  be  passed  up  into  a  cylinder  of  ammonia  gas 
standing  in  a  trough  of  mercury,  the  ammonia  will  be  graduall] 
absorbed  by  the  charcoal,  and  the  mercury  will  ascend  in  tlw 
cylinder.  Saussure  found,  that  recently  heated  beech-wood  cbar 
coal  was  capable  of  absorbing  ninety  times  its  own  volume  0 
ammonia  gas ;  while  Hunter,  by  employing  charcoal  made  fron 
cocoa-nut  shell,  found  that  1 7 1 .7  volumes  of  ammonia  were  absdtbef 
by  one  volume  of  charcoal.  The  results  of  both  of  these  experi 
mcnts  show^  that  those  gases  are  absorbed  in  the  largest  quantitie 
which  are  the  most  readily  liquefiable.  The  gas  so  held  by  th> 
charcoal,  is  in  a  highly  condensed  condition  upon  the  surface  c 

*  Emst  [^Chtmiscku  Repertorium,  vol.  xvii.  p.  a). 
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s  mass.  Probably  in  the  case  of  easily  liquefied  gases 
oinonia,  sulphur  dioxide,  and  others,  the  gases  are  par- 
ked upon  the  surface  of  the  charcoal  In  this  condensed 
g^  is  more  chemically  active  than  under  ordinary  condi- 
charcoal  is  therefore  able  to  induce  many  striking  com- 
to  take  place.  Thus,  if  charcoal  be  allowed  to  absorb 
ind  dry  hydrogen  be  then  passed  over  it,  the  chlorine  is 
combining  with  the  hydrogen  even  in  the  dark,  with  the 
of  hydrochloric  add.  This  chemical  activity  of  gases, 
>rbed  by  charcoal,  is  strikingly  exemplified  in  the  case 
etted  hydrogen.  If  a  quantity  of  powdered  charcoal, 
been  saturated  with  sulphuretted  hydrogen,  be  brought 
*sxLy  the  rapid  combination  of  the  two  gases  is  attended 
levelopment  of  so  much  heat,  that  the  charcoal  bursts 
:  combustion.  In  the  same  way  a  mixture  of  air,  with 
per  cent  of  sulphuretted  hydrogen,  may  be  passed 
rough  a  tube,  about  a  metre  in  length,  filled  with  char- 
out  a  trace  of  sulphuretted  hydrogen  escaping  at  the 
wing  to  this  property,  charcoal  is  largely  employed 
noxious  gases,  the  atmospheric  oxygen  which  is  con- 
the  pores  of  the  charcoal,  oxidising  these  offensive  and 
compounds :  thus  sewer  ventilators  are  often  trapped 
er  of  charcoal,  which  effectually  arrests  all  bad-smelling 

d  also  has  the  power  of  absorbing  colouring-matters  from 
thus,  if  water  which  has  been  tinted  with  an  organic 
matter,  be  shaken  up  with  powdered  charcoal,  and  filtered, 
)n  will  be  found  to  be  entirely  decolourised.  The  variety 
d  which  possesses  thjs  property  in  the  highest  degree,  is 
arcoal,  or  bone-black,  and  this  substance  is  largely  em- 
many  manufactiuring  processes,  such  as  sugar  refining, 
3  remove  all  colouring-matter  from  the  liquid, 
il  under  ordinary  conditions  is  unacted  upon  by  the  air 
the  temperature  is  raised,  it  enters  into  active  combus- 
ing  carbon  dioxide.  In  an  extremely  divided  condition, 
carbon  is  capable  of  combining  spontaneously  with  the 
the  air,  and  with  so  much  energy  as  to  take  fire. 
The  carbonaceous  minerals  that  are  included  under  the 
/,  are  an  impure  form  of  carbon,  containing  compounds 


•  <« 
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of  carboD  with  hydrogen  and  osygen.  Coal  is  the  final  result  Oli 
series  of  decomposition  changes,  which  have  been  undergone  b] 
vegetable  matter  of  the  remote  past,  the  process  having  extenda 
over  long  geological  periods.  During  Ibis  prolonged  process,  a  por 
tion  of  the  carbon  and  hydrogen  is  eliminated  as  marsh  gas,  and 
large  quantities  of  this  gas  are  found  associated  with,  and  occluded 
in,  coal- 
Broadly  speaking,  the  numerous  varieties  of  coal  may  be  divided 
into  soft  or  bituminous,  and  hard  or  antkradtic 

The  former  are  employed  for  the  manulacture  of  coal  gas,  and 
for  ordinary  domestic  purposes  ;  they  bum  with  a  smoky  flame,  aixl 
evolve  lai^  quantities  of  gases  and  volatile  vapours,  on  combat- 
tion  or  distillation.  Anthracite  coal  is  much  harder,  ignites  *itt 
more  difficulty,  and  bums  with  the  formation  of  very  little  flame  ot 
smoke.  It  contains  a  higher  percentage  of  carbon,  and  gives  <xi 
great  heat  on  combusdon,  and  is  employed  largely  as  a  sunt- 
coal. 

The  following  table  shows  the  average  composition  of  coals  froB 
various  sources,  and  the  general  difference  between  coals  of  ibe 
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CHAPTER  IX 

CARBON  COMPOUNDS 

Tss  coinfX>unds  of  the  element  carbon  are  so  numerous,  that  it 

bas  been  found  convenient  to  constitute  the  study  of  these  sub- 

mnces  a  separate  branch  of  chemistry.     In  the  early  history  of 

the  science,  it  was  believed  that  there  were  a  large  number  of 

substances  which  could  only  be  obtained  as  the  product  of  living 

organisms.    They  were  known  to  be  elaborated  by  the  action  of 

fife,  or,  as  it  was  termed,  the  vital force^  and  it  was  believed,  that 

owing  to  some  inherent  specific  quality  belonging  to  this  vital  force, 

the  substances  produced  by  its  action  were  distinct  from  such 

substances  as  could  be  prepared  by  any  laboratory  processes.     To 

denote  this  distinction,  the  term  organic  was  applied  to  those  things 

which  were  known  to  be  the  products  of  living  organisms,  and 

other  compounds  were  distinguished  as  inorganic  substances.    This 

distinction  received  its  deathblow  in  1828,  when  Wdhler  produced, 

by  purely  laboratory  processes,  one  of  the  most  typical  of  all  organic 

compounds,  namely,  urea.    The  names  ^  organic ''  and  *'  inorganic  " 

dmnistry  are  stiU  retained,  but  their  old  significance  is  entirely 

gone,  as  no  distinction  is  to-day  recognised  between  products  elabo- 

nued  by  the  action  of  life,  and  those  which  can  be  synthetically 

pnxluced. 

Speaking  broadly,  organic  chemistry  may  be  defined  as  the 
chemistry  of  the  carbon  compounds.  This  definition,  however, 
ffidudes  such  compounds  as  the  oxides  of  carbon  and  all  the 
carbonates,  such  as  chalk,  limestone,  dolomite,  &c,  compounds 
which  are  more  conveniently  classed  as  inorganic  A  more  exact 
definition  is  the  foUowing: — The  chemistry  of  those  compounds  of 
carbon  which  contain  in  the  molecule  an  atom  of  carbotiy  directly 
^sedated  with  either  hydrogen^  nitrogen^  or  another  carbon  atom. 
'Hiis  definition  excludes  all  the  carbon  compounds  which  are  by 
general  consent  regarded  as  belonging  to  the  inorganic  division  of 
the  science. 

as9 
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Three  organic  compounds  will  be  briefly  studied  in  the  following 
chapters,  namely,  methane  (marsh  gas),  CH4 ;  ethene  (ethyleneX 
CsHi ;  and  acetylene,  CgHj.  These  three  compounds  play  an 
important  part  in  our  ordinary  illuminating  flames,  and  in  coal  ga& 


Compounds  of  Carbon  with  Oxygen. 

Two  oxides  of  carbon  are  known,  both  of  which  are  colourless 
gases,  viz, : — 

Carbon  monoxide CO. 

Carbon  dioxide CO^ 


OABBON  MONOXIDB. 

Formula,  CO.     Molecular  weight  =  27.96.    Deosity  =  13.96L 

Modes  of  Formation. — (i.)  Carbon  monoxide  is  formed  when 
carbon  dioxide  is  passed  over  charcoal  heated  to  bright  redness— 

COj  +  C  =  2CO. 

The  same  result  is  obtained,  when  a  slow  stream  of  air  or  oxygen 
is  passed  over  red-hot  charcoal  contained  in  a  tube.  The  first 
action  of  the  air,  on  coming  in  contact  with  the  carbon,  is  to  form 
carbon  dioxide,  which,  passing  over  the  remainder  of  the  heated 
material,  is  deprived  of  a  portion  of  its  oxygen,  according  to  the 
above  equation.  This  operation  goes  on  in  an  ordinary  fire-gyrate ; 
the  air,  on  first  gaining  access  to  the  burning  coal  or  coke,  causes 
the  complete  oxidation  of  a  portion  of  the  carbon,  to  carbon  dioxide; 
and  as  this  gas  passes  through  the  mass  of  red-hot  carbon,  it  is 
reduced  to  the  lower  oxide,  which  either  escapes  with  the  other 
products  of  combustion,  or  becomes  ignited  and  bums  with  a 
lambent  bluish  flame,  such  as  may  fi-equently  be  noticed  upon  the 
top  of  a  "  clear  "  fire. 

(2.)  When  steam  is  passed  over  strongly  heated  carbon,  a  mixture 
of  carbon  monoxide  and  hydrogen  is  produced.  This  mixture^ 
known  as  water  gas^  is  employed  in  many  manufacturing  processes 
as  a  gaseous  fuel — 

H,0  +  C  =  CO  +  H» 
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(3.)  Carbon  monoxide  is  also  formed  by  the  action  of  carbon 
dioxide  upon  red-hot  iron — 

4CO,  +  3Fe  =  Fe804  +  4Co. 

(4.)  Or  by  strongly  heating  either  carbon  or  iron  i^nth  a  car- 
bonate, such  as  caldum  carbonate,  which  is  capable  of  yielding 
carbon  dioxide,  thus — 

CaCO,  +  C  =  CaO  +  SCO. 
4CaCOs  +  3Fe  =  Fe804  -I-  4CaO  +  4CO. 

(5.)  Carbon  monoxide  is  most  conveniently  prepared,  by  the 
decomposition  of  certain  organic  compounds  by  means  of  sulphuric 
add.  Thus,  when  formic  acid,  or  a  formate,  is  acted  upon  by  sul- 
phuric add,  the  sulphuric  add  withdraws  the  elements  of  water 
from  the  molecule  of  formic  add,  and  leaves  carbon  monoxide — 

HCOOH  -  H,0  =  CO. 

(6.)  By  a  similar  decomposition,  oxalic  add  yields  a  mixture  of 
carbon  monoxide  and  carbon  dioxide  in  equal  volumes — 

C,Hj04  -  H,0  =  CO2  +  CO. 

The  carbon  dioxide  is  readily  removed  from  the  mixture,  by  passing 
the  gases  through  a  solution  of  sodium  hydroxide  (caustic  soda), 
in  which  carbon  dioxide  is  absorbed  with  the  formation  of  sodium 
carbonate. 

(7.)  The  method  usually  employed  when  carbon  monoxide  is 

required  for  experimental  purposes,  consists  in  heating  a  mixture 

of  I  part  by  weight  of  crystallised  potassium  ferrocyanide  (yellow 

pnissiate  of  potash)  with  ten  parts  of  strong  sulphuric  acid  in  a 

capadous  flask,  when  the  following  reaction  takes  place — 

K^FeC^N.  +  6H,S04  +  6H,0  =  SKjSO^  +  FeS04 
+  3(NH4)jS04  +  6C0. 

The  six  molecules  of  water  required  by  the  reaction,  are  derived 
partly  from  the  add  employed,  and  partly  from  the  salt,  which 
contains  three  molecules  of  water  of  crystallisation.* 
Properties. — Carbon  monoxide  is  a  colourless,  tasteless  gas, 

'Cbemical  Lecture  Experiments,"  4i8-4aa. 
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having  a  fiunt  smeU.  It  is  only  slightly  soluble  in  water,  its  co- 
efficient of  absorption  at  o*  being  0.03287.  It  bums  in  the  air  widi 
a  characteristic  pale  blue  flame,  forming  carbon  dioxide — 

2C0  +  O,  -  2C0,. 

When  mixed  with  half  its  own  volume  of  oxygen,  and  inflamrd, 
the  mixture  explodes  with  some  violence.*  If  the  two  gases  be 
confined  in  a  eudiometer  standing  over  mercury,  and  be  rendered 
absolutely  free  from  aqueous  vapour  by  powerful  desiccating  agents, 
no  explosion  will  take  place  upon  the  passage  of  an  electric  spark 
through  the  mixture.  And  in  the  same  way  if  carbon  monoxide, 
which  has  been  deprived  of  all  aqueous  vapour,  be  burned  from  a 
jet  in  the  air,  and  the  jet  be  lowered  into  a  cylinder  cont^ning  air 
which  has  been  similarly  dried,  the  flame  will  be  extinguished. 

Carbon  monoxide  is  an  extremely  poisonous  gas :  very  small 
quantities  present  in  the  air,  rapidly  give  rise  to  headache  and 
giddiness,  and  if  inhaled  for  a  length  of  time,  or  if  taken  into  the 
lungs  in  a  less  dilute  condition,  insensibility  and  death  quickly 
follow.  The  deaths  that  have  resulted  from  the  use  of  unventi- 
lated  fires — either  of  charcoal  or  coke,  or  in  some  cases  of  coal  gas 
— in  dwelling- rooms,  have  been  due  to  the  escape  of  this  poisonous 
gas  into  the  air.  The  extremely  deadly  nature  of  the  after-damp 
resulting  from  a  colliery  explosion,  is  due  to  the  presence  of  carbon 
monoxide  in  the  carbon  dioxide  which  is  formed  as  a  product  of 
the  combustion. 

The  poisonous  action  of  this  gas  is  due  to  its  absorption  by  the  blood,  with 
the  formation  of  a  bright  red  compound,  to  which  the  name  carboxy-kmmo- 
globin  is  applied.  Hlood  so  charged  appears  to  be  unable  to  fulfil  its  function 
of  absorbing  and  distributing  oxygen  throughout  the  system.  This  carbozy> 
haemoglobin  gives  a  characteristic  absorption  spectnun,  which  furnishes  a 
ready  method  of  detection,  in  cases  of  poisoning  from  the  inlialation  of  carbon- 
monoxide. 

Carbon  monoxide  is  one  of  the  most  difficultly  liquefiable  gases, 
its  critical  temperature  being  -  140*. 

At  high  temperatures  this  gas  is  a  powerful  reducing  agent, 
uniting  with  another  atom  of  oxygen  to  form  carbon  dioxide. 
This  fact  is  made  use  of  in  many  metallurgical  processes,  for  re- 
ducing the  oxides  of  the  metals  to  the  metallic  state. 

*  The  rate  at  which  the  combustion  is  propagated  throu^out  a  mixture  of 
carbon  monoxide  and  oxygen,  is  much  slower  than  through  hydrogen  and 
oxygen.     Bunsen  has  estimated  it  at  less  Uian  i  msti^  pec  ^^ooodL 
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Carbon  monoxide  is  absorbed  at  ordinary  temperatures  by  a 
solution  of  cuprous  chloride,  forming  the  compound  COCu2C]s. 

At  a  temperature  of  boiling  water,  carbon  monoxide  is  slowly 
absorbed  by  solid  potassium  hydroxide,  with  the  formation  of 
potassium  formate — 

KHO  +  CO  =  H  •  COOK. 

Carbon  monoxide  unites  directly  with  chlorine,  under  the  in- 
fluence of  sunlight,  forming  the  compound  known  2iS  phosgene  gas, 
or  carbonyl  chloride — 

CO  +  CI2  =  COCl,. 

If  the  two  gases  are  mixed  in  equal  volumes,  and  kept  in  the 
dark,  no  action  takes  place,  but  on  exposure  to  sunlight  they  com- 
bine, and  the  yellowish  colour  due  to  the  chlorine  will  disappear. 
On  opening  the  vessel  in  moist  air,  clouds  of  hydrochloric  acid 
tre  formed,  owing  to  the  decomposition  of  carbonyl  chloride  by 
the  moisture,  according  to  the  equation — 

COCl,  -I-  HjO  =  CO,  +  2HCL 

Carbonyl  chloride  may  be  readily  condensed  to  a  liquid,  its 
boiling-point  being  +  8°. 

Carbon  monoxide  unites  directly  with  certain  metals,  giving  rise 
to  compounds  which  possess  some  very  remarkable  properties, 
and  to  which  the  name  meicdlic  carbofiyls  has  been  applied  by 
their  discoverer* 

When  carbon  monoxide  is  allowed  to  stream  slowly  over  metallic 
nickel  (obtained  by  the  reduction  of  nickel  oxide  in  a  stream  of 
hydrogen),  the  gas  is  absorbed  by  the  finely-divided  metaJ,  forming 
a  compound  having  the  composition  Ni(C0)4.  ^^  ^^  issuing  gas 
be  passed  through  a  cooled  tube,  the  nickel  carbonyl  condenses 
to  a  colourless,  mobile,  highly  refracting  liquid,  having  a  specific 
gravity  at  o*  of  1.356,  and  boiling  at  43°  under  a  pressure  of 
751  inm.t 

Nickel  carbonyl  vapour  bums  with  a  luminous  fiame,  which 
produces  a  black  deposit  of  metallic  nickel  when  a  cold  porcelain 
dish  is  depressed  upon  the  fiame.  The  gas  is  decomposed  into 
nickel  and  carbon  monoxide  if  passed  through  a  hot  glass  tube, 

•  Mood,  i%go.  f  See  "Chemical  Lecture  ExperimeuXs"  ^a9-^y» 
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the  nickel  being  deposited  as  a  bright  metallic  minor  apoi 
glass^ 

Ni(C0)4  -  4C0  +  Ni. 

A  similar  compound  of  carbon  monoxide  and  iron  has  also  been  obu 
having  the  composition  Fe(C0)5.  Iron  carbohyl  is  a  pale-jrellow,  ▼! 
liquid,  boiling  at  102.8°  under  a  pressure  of  749  mm.  Its  specific  grav 
z8°  is  1.4664.  When  heated  to  180*  the  vapour  b  decomposed,  iron 
deposited  and  carbon  monoxide  bdng  evolved.  Thb  compound  has  been : 
in  iron  cylinders  in  which  the  so-called  water  gas  (a  mixture  of  H  and  CC 
been  stored  under  pressure  for  a  length  of  time ;  it  is  also  said  to  be  praii 
minute  quaniities  in  coal  gas. 


OABBOir  DIOXIDE. 

Formula,  COf.    Molecular  weight  =43.90.    Density  »■  ax.9& 

History.  —Van  Helmont,  in  the  seventeenth  century,  was  the 
to  distinguish  between  this  gas  and  ordinary  air :  he  observed  tt 
was  formed  during  the  processes  of  combustion  and  fermenta 
and  he  applied  to  it  the  name  gas  sylvestre.  Black  showed 
this  gas  was  a  constituent  of  what  in  his  day  were  known  as 
mild  alkalis  (alkaline  carbonates),  and  on  account  of  its  bein] 
combined,  or  fixed,  in  these  substances,  he  named  the  gas^ 
air,  Lavoisier  first  proved  its  true  chemical  composition  t( 
that  of  an  oxide  of  carbon. 

Oecurrence.— Carbon  dioxide  rs  a  constant  constituent  of 
atmosphere,  being  present  to  the  extent  of  about  3  volume 
10,000  volumes  of  air.  It  is  also  found  in  solution  in  all  spi 
water,  which  is  sometimes  so  highly  charged  with  this  gas  ui 
pressure,  that  the  water  is  effervescent,  or  **  sparkling,"  from 
escape  of  the  gas.  Carbon  dioxide  is  evolved  in  large  quant 
from  vents  and  fissures  in  the  earth  in  volcanic  districts, 
well-known  Poison  Valley  in  Java,  which  is  an  old  volcanic  en 
and  the  Grotto  del  Cane  near  Naples,  owe  their  peculiar 
perties  to  the  discharge  into  them  of  large  quantities  of  cai 
dioxide  from  such  subterranean  sources. 

Modes  of  Formation. — (i.)  Carbon  dioxide*  is  produced  n 
carbon  is  burnt  with  a  free  supply  of  air  or  oxygen — 

C  +  Oj  =  CO,. 


•  Experiments  on  carbon  dioxide,  Nos.  383-417,  "Chemical  Lecture 
periments." 
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If  an  insufficient  supply  of  oxygen  be  employed,  carbon  mon- 
ande  is  produced  at  the  same  time. 

(x)  When  limestone,  or  chalk,  is  strongly  heated,  as  in  the 
process  of  burning  lime,  carbon  dioxide  is  evolved  in  large 
fBUidties— 

CaCO,  =  CaO  +  COj. 

\    (3.)  In  the  ordinary  processes  of  fermentation,  and  during  the 
:-4et8y  ofmany  organic  substances,  carbon  dioxide  is  also  formed. 
',  Tbns,  when  sugar  undergoes  alcoholic  fermentation  by  means  of 
yast,  the  sugar  is  converted  into  alcohol  and  carbon  dioxide — 

CuH^Ou  +  HjO  =  4CjHcO  +  4C0,. 

(4.)  Carbon  dioxide  is  fonned  during  the  process  of  respiration  ; 


Fig.  59. 

*bobjrthe  combustion  of  all  ordinary  fuels,  and  of  any  compound 
containing  carbon,  such  as  candles,  oils,  gas,  &c. 

(l)  For  experimental  purposes,  carbon  dioxide  is  most  readily 
obtained  by  the  decomposition  of  a  carbonate  by  means  of  a 
Wronger  acid.  The  effervescence  that  results  from  the  action  of 
tartaric  add  upon  sodium  carbonate,  in  an  ordinary  Seidiitz  powder, 
is  due  to  the  disengagement  of  this  gas.  The  most  convenient 
carbonate  for  the  preparation  of  this  gas  is  calcium  carbonate,  in 
one  of  its  many  naturally  occurring  forms,  such  as  marble,  lime- 
stone, or  chalk.  Fragments  of  marble  are  for  this  purpose  placed 
in  a  two-necked  bottle  [Y'lg.  $g),  with  a  quantity  of  water,  axvd 
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strong  hydrochloric  acid  is  added  by  means  of  the  (unnd-tabb 
A  rapid  effervescence  takes  place  owing  to  the  elimination  of  te; 
gas,  and  a  solution  of  calcium  chloride  remains  in  the  bottle- 

CaCOj  +  2HC1  -  CaCl,  +  H,0  +  CO^ 

If  sulphuric  acid  be  substituted  for  hydrochloric  add,  the  finf 
ments  of  marble  rapidly  become  coated  with  a  crust  of  insoUbk 
calcium  sulphate,  which  soon  prevents  the  further  action  of  tte 
acid,  and  therefore  puts  an  end  to  the  reaction  :  by  emptoyiaf 
finely  powdered  chalk,  however,  instead  of  lumps  of  caldmn  cv- 


ii 


ii 


Fk;.  6o. 


Fig.  6i. 


bonate,  this  difficulty  is  obviated.    This  gas  is  largely  manufiu:- 
tured  from  these  materials. 

Properties. — Carbon  dioxide  is  a  colourless  gas,  having  a  fieeble 
acid  taste,  and  a  faint  and  pleasantly  pungent  smell.  It  is  incap- 
a])le  of  supporting  either  combustion  or  respiration  ;  a  burning 
taper  is  instantly  extinguished,  and  an  animal  sjseedily  dies  when 
introduced  into  this  gas.  Although  carbon  dioxide  is  not  such  a 
poisonous  compound  as  the  monoxide,  it  nevertheless  does  exert 
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oisonons  effect  upon  the  system,  and  death  caused  by 

i  not  merely  doe  to  the  absence  of  oxygen.    The  pro- 

lalation  of  air  containing  only  a  very  slightly  increased 

carbon  dioxide,  has  a  distinctly  lowering  effect  upon 

• 

dioxide  is  a  heavy  gas,  being  about  one  and  a  half 
"ier  than  air.  On  this  account  it  may  readily  be  col- 
^placement  By  virtue  of  its  great  density  it  may  be 
m  one  vessel  to  another,  much  in  the  same  way  as  an 
quid  :  thus,  if  a  large  bell  jar  be  filled  with  the  gas  by 
»t,  a  beaker-full  may  be  drawn  up,  as  water  from  a 
So).  If  the  gas  so  drawn  up  be  poured  into  a  similar 
pended  from  the  arm  of  a  balance,  and  counterpoised, 

of  the  gas  will  be  evident  by  the  disturbance  of  the 
I  of  the  system. 

p  bubble  be  allowed  to  faJll  into  a  large  jar  filled  with 
»xide,  it  will  be  seen  to  float  upon  the  surface  of  the 
fFig.  61).  The  power  of  carbon  dioxide  to  extinguish 
great,  that  a  taper  will  not  bum  in  air  in  which  this  gas 
to  the  extent  of  2.5  per  cent.,  and  in  which  the  oxygen 
to  18.5  per  cent.  For  this  reason  a  comparatively  small 
carbon  dioxide,  brought  into  the  air  surrounding  a  bum- 
s  capable  of  extinguishing  the  flame.  This  property  has 
3  valuable  service  in  the  construction  of  numerous  con- 
vr  extinguishing  fire,  such  as  the  "  extincteur."  This  is 
ssel  containing  carbon  dioxide  under  pressure,  the  gas 
n  generated  within  the  closed  apparatus  by  the  action 
ilphuric  acid  upon  sodium  carbonate.  A  stream  of  the 
;:ted  judiciously  upon  a  moderate  conflagration  in  a 
readily  extinguishes  the  fire.  This  property  may  be 
by  inflaming  a  quantity  of  turpentine  in  a  dish,  and 
K)n  the  flames  a  quantity  of  carbon  dioxide  contained 

bell  jar  (Fig.  62),  when  it  will  instantly  extinguish  the 
on. 

[1  carbon  dioxide  is  incapable  of  supporting  combus- 
i  ordinary  sense,  certain  metals  are  capable  of  bum- 
s  gas.  Thus,  a  fragment  of  potassium  when  heated 
s,  bums  brightly,  forming  potassium  carbonate  with 
tion  of  carbon  — 

2K,  -f  3CO,  =  SKjCOj  +  C. 
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Wben  carbon  dioxide  is  passed  into  a  scdution  of  calcni 
hydroxide  (lime  water)  a  tutbidity  at  once  results,  owing  to  Ai 
precii»tatk>&  of  insoluble  calcium  carbonate,  or  chalk — 

CaH,0,  +  CO,  -  CaCO,  +  H  A 

This  reaction  furnishes  the  readiest  means  for  Qie  detectica  < 
carbon  dioxide^  Thus,  if  the  gas  obtained  by  any  of  the  modes  ( 
(brmatioQ  described,  be  passed  into  clear  lime  water,  the  fotmatiai 
of  this  white  preciintate  of  chalk,  is  proof  that  the  gas  is  caibo 
dioxide.  By  this  test  it  may  readily  be  shown  that  carbon  dioxid 
is  a  produa  of  resi»ratioD,  by  merely  causing  the  exhaled  biest 


to  bubble  through  a  quantity  of  lime  water,  which  will  quickly  b 
rendered  turbid. 

Carbon  dioxide  is  moderately  soluble  in  water.  At  the  ordinar 
temperature,  water  dissolves  about  its  own  volume  of  this  gas. 

The  coefficient  of  absorption  at  o'  is  1,7967,  the  solubility  de 
creasing  with  rise  of  temperature  in  accordance  with  the  inter 
polation  formula — 

f  —  1-7967  -  0.07761/  +  aooi6424/'. 

Carbon  dioxide  shows  a  slight  departure  from  Henry's  1« 
(see  page  133),  when  the  pressures  are  greater  than  that  oftix 
atmosphere.    Tlius,  when  the  pressure  is  doubled,  the  amount  dis- 
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I  slightly  more  than  doubled.  The  solubility  of  carbon 
in  water,  and  its  increased  solubility  under  pressure,  is 
^  in  the  ordinary  aerated  waters.  Water  under  a  pres- 
several  atmospheres  is  saturated  with  the  gas,  and  upon 
cLse  of  this  pressure  by  the  >vithdrawal  of  the  cork,  the 
f  gas,  over  and  above  that  which  the  water  can  dissolve  at 
nary  pressure,  escapes  with  the  familiar  effervescence.  In 
r  manner  the  natural  aerated  waters  have  thus  become 

with  carbon  dioxide,  under  subterranean  pressure,  and 
ich  waters  come  to  the  surface,  the  dissolved  gas  begins 

its  escape. 

oltition  of  carbon  dioxide  in  water  is  feebly  acid,  turning 
nus  to  a  port-wine  red  colour,  characteristically  different 
t  scailet  red  given  by  stronger  adds.  This  acid  may  be 
1  as  the  true  carbonic  acid — 

CO,  +  HjO  =  HjCOj. 

ently-made  sample  of  aerated  water  is  seen  to  effervesce 
riskly,  and  give  off  the  dissolved  gas  more  rapidly,  than 
ns  that  have  been  long  preserved.  In  process  of  time  the 
d  carbon  dioxide  gradually  combines  with  the  water,  with 
lation  of  carbonic  acid,  an  unstable  compoimd  which  slowly 
OSes  into  carbon  dioxide  and  water,  especially  at  a  slight 
Q  of  temperature.  Many  of  the  naturally  occurring  aerated 
such  as  Apollinaris,  when  opened,  exhibit  scarcely  any 
cence,  but  give  off  carbon  dioxide  gradually.  Such  waters 
all  probability  been  exposed  to  pressure  for  a  great  length 

and  their  dissolved  carbon  dioxide  has  almost  entirely 
kI  to  form  carbonic  add.     When  such  a  water  is  gently 
.  a  rapid  stream  of  gas  is  evolved. 
I  carbon  dioxide  is  strongly  heated,  as  by  the  passage  of 

sparks,  it  is  partially  dissociated  into  carbon  monoxide 
rgcn.  This  decomposition  is  never  complete ;  for  when 
>unt  of  these  two  gases  in  the  mixture  reaches  a  certain 
ion,  they  reunite  to  form  carbon  dioxide,  and  a  point  of 
ium  is  reached,  when  as  many  molecules  are  united  as  are 
ted  in  the  same  time. 

Id  Carbon  Dioxide. — Carbon  dioxide  is  easily  liquefied. 
'  it  requires  a  pressure  of  30.8  atmospheres  ;  at  +  5%  40.4 
tieres ;  while  at  +  15^  a  pressure  of  52.1  atmospheres  is 
L 


Faraday  tirst  liquefied  this  gas,  by  introducing  into  a  strong  o«a 
glass  tube  a  quantity  of  sulphuric  add,  and  a  few  lumps  of  ainnO'L^'^ 
nium  carbonate,  which  were  prevented  from  touching  the 
means  of  a  plug  of  platinum  foil    The  tube  was  then  b 
sealed,  and  the  acid  allowed  gently  to  come  in  contact  wi& 
carbonate,  which  was  at  once  decomposed  with  the  fonmtim 
ammoniimi  sulphate  and  carbon  dioxide.    By  the  internal 
sure  exerted  by  the  evolved  gas,  aided  by  the  application  of 
to  one  end  of  the  bent  tube,  the  gas  condensed  to  a  col 
liquid. 

Large  quantities  of  this  liquefied  gas  were  obtained  by 
by  a  precisely  similar  method,  the  experiment  being  performed 
strong  wrought-iron  vessels. 

Liquid  carbon  dioxide  is  to-day  manufJEictured  on  a  laige  scak^ 
by  pumping  the  gas  into  steel  cylinders  by  means  of  poweiM 
compression  pumps.  The  enormous  volumes  of  carbon  dioxide 
evolved  in  the  process  of  brewing,  and  which  until  quite  recently 
were  allowed  to  escape  into  the  atmosphere,  are  now  utilised  for 
this  purpose.  The  gas,  as  it  is  evolved  from  the  fermenting  vats^ 
is  washed  and  purified,  and  piunped  into  steel  bottles  for  the 
market  In  this  form  the  gas  is  largdy  employed  by  manubc- 
turers  of  aerated  waters. 

Liquid  carbon  dioxide  is  a  colourless  and  extremely  mobile 
liquid,  which  floats  upon  water  without  mixing.  It  boils  at  -  78*.2 
under  atmospheric  pressure. 

When  heated,  liquid  carbon  dioxide  expands  at  a  more  rapid 
rate  than  a  gas,  its  coefficient  of  expansion  being  greater  than  that 
of  any  known  substance.  Its  rapid  change  of  volume  is  seen  by 
the  following  figures  : — 
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The  critical  temperature  of  carbon  dioxide  is  31.9°.  If  the  liquid 
be  heated  to  this  point,  it  passes  into  the  gaseous  state  without  any 
change  of  volume.  The  line  of  demarcation,  between  the  liquid 
and  gas  in  the  tube,  gradually  fades  away,  and  the  tube  appeals 
filled  with  gas.  Above  this  temperature  no  additional  pressure  ia 
able  to  liquefy  the  gas.     On  once  more  cooling  the  tube,  when  the 
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U  point  is  passed  the  liquid  again  appears,  and  the  dividing 
etween  it  and  the  gas  is  once  more  sharply  defined. 
Id  Capbon  Dioxide. — When  liquid  carbon  dioxide  is  allowed 
ape  into  the  air,  the  absorption  of  heat  due  to  its  rapid  eva- 
on  causes  a  portion  of  the  liquid  to  solidify.  This  solid  is 
»nveniently  collected,  by  allowing  the  jet  of  liquid  to  stream 
round  metal  box  (Fig.  63},  in  which  it  is  caused  to  revolve  by 
made  to  impinge  upon  the  curved  tongue  of  metal.  The  box 
lished  with  hollow  wooden  handles,  through  which  the  gas 

its  escape.    Large  quantities  of  the  frozen  carbon  dioxide 

this  way  be  collected  in  a  few  minutes. 
d  carbon  dioxide  is  a  soft,  white,  snow-like  substance.  When 
^d  to  the  air  it  quickly  passes  into  gas,  without  going  through 
leimediate  state  of  liquidity. 


<A<.i 


Fig.  63. 


Fig.  64. 


d  carbon  dioxide  is  readily  soluble  in  ether,  and  this  solution 
tutes  one  of  the  most  convenient  sources  of  cold.  A  large 
IT  of  gases  can  readily  be  liquefied  by  being  passed  through 
inmiersed  in  this  freezing  mixture.  When  this  ethereal 
m  is  rapidly  evaporated,  its  temperature  can  be  lowered  to 


irbonic  acid  snow,"  as  this  substance  is  sometimes  termed,  is 
m  article  of  dommerce,  the  compound  being  sent  into  the 
St  in  this  form,  to  avoid  the  cost  of  the  carriage  of  the 
sarily  heavy  steel  bottles  containing  the  liquid. 

nposition  of  Carbon  Diojdde.— -When  carbon  \)Mttv&  vol 
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oxygen,  the  oxygen  undergoes  no  change  in  volume  in  beiog  tnuit 
formed  into  carbon  dioxide.  The  volume  of  carbon  dioxide  prodnoed 
is  the  same  as  that  of  the  oxygen  which  is  required  for  its  prodoo 
lion.  This  may  be  shown  by  means  of  the  apparatus,  Fig.  64 
The  bulb  of  the  U-tube  is  filled  with  oxygen,  and  the  stopfMi 
which  carries  a  small  bone- ash  crucible,  upon  which  a  firagxnoi 
of  charcoal  is  placed,  is  lowered  into  position.  The  charcoal  ti 
ignited  by  means  of  a  thin  loop  of  platinum  wire,  as  shown  in  tbt 
figure,  which  can  be  heated  by  an  electric  current  As  the  caiba 
bums,  the  heat  causes  a  temporary  expansion  of  the  included  gas 
but  after  the  combustion  is  complete,  and  the  apparatus  ha: 
cooled,  the  level  of  mercury  will  be  found  to  be  undisturbed 
Carbon  dioxide,  therefore,  contains  its  own  volume  of  oxygeo 
From  this  experiment  the  composition  of  carbon  dioxide  by  weigh 
can  be  deduced.  One  litre  of  carbon  dioxide  weighs  21.96  criths 
deducting  from  this  the  weight  of  i  litre  of  oxygen,  viz.,  15.91 
criths,  we  get  6  as  a  remainder.  Six  parts  by  weight  of  carbon 
therefore,  combine  with  1 5.96  parts  by  weight  of  oxygen  to  fbra 
21.96  parts  of  carbon  dioxide  :  expressing  this  proportion  atomic 
ally,  the  proportion  of  carbon  to  oxygen  is  12  to  31.92. 

The  gravimetric  composition  of  carbon  dioxide  may  be  ^rectl] 
determined,  by  the  combustion  of  a  known  weight  of  pure  carboi 
in  a  stream  of  oxygen  gas,  and  absorbing  and  weighing  the  carboi 
dioxide  that  is  formed.  This  was  done  with  great  care  an< 
accuracy  by  Dumas  and  Stas,  in  the  experiments  by  which  thq 
determined  the  atomic  weight  of  carbon.  Fig.  65  represents  th< 
apparatus  employed  for  this  purpose.  A  weighed  quantity  0 
diamond,  contained  in  a  small  platinum  boat,  was  introduced  int( 
a  porcelain  tube,  which  could  be  strongly  heated  in  a  furnace.  Th< 
oxygen  for  its  combustion  was  contained  in  a  glass  bottle,  from 
which  it  could  be  expelled  by  allowing  water  to  enter  through  thi 
funnel.  As  it  was  necessary  that  the  oxygen  should  be  absolutelj 
free  from  any  carbonic  dioxide,  the  water  used  in  the  little  gas- 
holder contained  potassium  hydroxide  in  solution.  The  oxygeo 
was  then  passed  through  the  tubes  A,  B,  C  in  order  to  deprive  it 
of  carbon  dioxide  and  moisture,  and  lastly  through  a  small  desic^ 
eating  tube,  d,  which  was  weighed  before  and  after  the  experiment 
The  pure  dry  oxygen  then  entered  the  strongly  heated  tube,  and 
the  carbon  there  burnt  away  to  carbon  dioxide,  leaving  a  minute 
quantity  of  ash,  which  was  carefully  weighed  at  the  .conclusion  of 
the  experiment.     A  small  layer  of  copper  oxide  was  placed  in  the 
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don  indicated  in  the  figure,  in  order  to  oxidise  any 
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a  number  of  experiments,  Dumas  and  Stas  found  that  80 paitiof 
oxygen  by  weight,  combined  with  29199  parts  of  carbon. 

From  a  knowledge  of  the  density  of  caibon  dioxide,  and  die 
volume  of  oxygen  it  contains,  we  know  that  the  molecule  of  thii 
gas  contains  two  atoms  ;  therefore,  by  the  simple  equation— 

80  :  31.92  : :  29.99  :  11.97, 

11.97  parts  of  carbon  combine  with  31.92  parts  of  oxygen,  andtbe 
number  1 1.97  is  therefore  the  atomic  weight  of  caibon  as  detemiiiied 
by  these  chemists. 

The  Carbonates.— Although  carbonic  add,  H|COs,  >s  ^  ^^ 
unstable  compound,  the  salts  it  forms  are  stable.  Being  a  dibasic 
acid,  it  is  capable  of  fonning  salts  in  which  either  one  or  both  (tf 
the  hydrogen  atoms  have  been  replaced  by  an  equivalent  of  a 
metal ;  thus  in  the  case  of  sodium  we  have — 

(z)  Disodhim  carbonate  (normal  sodium  carbonate)         .  Na^CX>|. 
(9)  Hydrogen  sodium  carbonate  (bicarbonate  of  soda)     .  HNaCO^ 

Similarly,  with  the  divalent  metal  calcium,  it  is  possible  to  form— 

(i)  Normal  calcium  carbonate  ....••  CaCQi, 

and — 

(3)  Hydrogen  calcium  carbonate  (bicarbonate  of  lime)     •  CaH2(CQ|)» 

The  formation  of  carbonates,  by  the  action  of  carbon  dioxide  upon 
the  hydroxides,  may  be  illustrated  by  the  following  equations  :— 

2KH0  +  CO2  =  KjCOj  +  H,0. 
CaHjOj  +  COj  =  CaCO,  +  HjO. 

The  first  of  these  changes  is  the  one  that  takes  place,  when 
carbon  dioxide  is  absorbed  by  the  potassium  hydroxide  employed 
by  Dumas  and  Stas  in  the  course  of  their  experiments,  already 
described.    The  second  equation  represents  the  reaction  which 
results,  when  carbon  dioxide  is  passed  into  lime  water,  with  the 
precipitation  of  chalk.     In  this  latter  case,  if  the  gas  be  passed 
through  the  turbid  solution  for  some  time,  the  turbidity  will  gradu- 
ally disappear,  and  the  solution  once  more  become  clear.    Tbc 
normal  calcium  carbonate  (CaCOs)  which  is  first  formed,  a^d 
which   is   insoluble,   is  converted  into  the  soluble  bicarbona^^ 
CaH^COs)s.    If  this  solution  be  boiled,  this  unstable  salt  is  deca^^E^' 
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posed  with  the  evolution  of  carbon  dioxide  and  water,  and  the 
reprecipitation  of  the  normal  calcium  carbonate  of  lime — 

CaH^COj),  =  CaCOs  +  H,0  +  COj. 

The  presence  of  this  compound  in  natural  waters  is  associated 
with  the  property  known  as  the  hardness  of  water  (see  Natural 
Waters,  p.  197). 

When  one  vohime  of  dry  carbon  dioxide  is  mixed  with  two  volumes  of  dry 
ftmmonia,  the  two  gases  unite,  forming  a  compound  known  as  ammonium 


CO,  +  2NH,  =  COj,2NH,  or     JJJJ'o  }  ^^' 
wfaid)  is  the  ammonium  salt  of  the  unknown  carbamic  acid,  ygQ^  >  CO. 


CHAPTER  X 

COMPOUNDS  OP  CARBON  WITH  HYDROGEN 

These  two  elements  unite  together  in  various  proportions,  fonii- 
ing  an  enormous  number  of  compotmds,  known  generally  under 
the  name  of  the  hydrocarbons.  The  reason  for  the  existence  of  so 
great  a  number  of  compounds  of  these  two  elements,  is  to  be  found 
in  the  £act,  that  the  atoms  of  carbon  possess,  in  a  very  high  degree, 
the  property  of  uniting  amongst  themselves.  This  property  of 
carbon  gives  rise  to  the  formation  of  a  number  of  groups  or  series 
of  compounds,  the  members  of  which  are  related  to  each  other, 
and  to  the  simplest  member  of  the  series.  Thus,  the  compound 
methane,  CH4,  is  the  simplest  member,  or  the  '*  foundation-stone," 
of  a  series  of  hydrocarbons  of  which  the  following  are  the  first 
four : — 

Methane    .     .    .     CH4  Propane  .     .     .     CtHg 


Ethane ....     CjHf 


Butane     .     .     .    C4H10 


It  will  at  once  be  seen  that  each  compound  differs  in  composi- 
tion from  its  predecessor,  by  an  increment  of  CH,,  and  that  each 
may  be  expressed  by  the  general  formula,  CnHtn-*-s. 

In  the  following  chapters  the  three  hydrocarbons,  methane, 
ethene,  and  acetylene,  will  be  briefly  studied.  Each  of  these  is  a 
"foundation-stone,"  or  starting-point,  of  a  series  similar  to  the  one 
already  mentioned  ;  thus 

Methane,    CH4,    first  member  of  the  CnHsn  -hS  series  of  hydrocarboos. 
Ethene,       C0H4,        ,,  ,,         ChHid  ••  m 

Acetylene,  CaHj,         ,,  „  CnHai-J       ..  .. 

METHANE  {MarsA  Gas— Fire-Damp), 
Formula,  CH4.     Molecular  weight  =  16.     Density  =  8. 

Oecurrenee. — Methane  is  found  in  the  fi'ee  state  in  large  qustt^' 

tities  in  nature.     It  is  one  of  the  products  of  the  decomposition^* 
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which  has  resulted  io  the  fonnation  of  the  coal-measures.  It  is 
therefore  found  in  enormous  quantities  in  coal-mines,  where  it 
not  only  occurs  in  vast  pent-up  volumes,  under  great  pressure, 
which  escape  with  a  rushing  sound  when  the  coal  is  being  hewn  ; 
but  it  is  also  occluded  within  the  pores  of  the  coaL  Methane  is 
also  evolved  from  petroleum  springs. 

The  name  marsh  gas  has  been  given  to  this  compound,  on 
account  of  its  occurrence  in  marshy  places,  by  the  decomposition  of 
vegetable  matter.  The  bubbles  of  gas  which  rise  to  the  surface 
when  the  mud  at  the  bottom  of  a  pond  is  gently  disturbed,  consist 
largely  of  marsh  gas. 

Modes  of  FoFmatloiL — (i.)  When  a  mixture  of  sodium  acetate 
and  sodium  hydroxide  is  strongly  heated 
in  a  copper  retort,  sodium  carbonate  is 
pioduced  and  marsh  gas  is  evolved — 

CHg-COONa  +  NaHO  -  NajCO, + CH4. 

The  gas  obtained  by  this  reaction  always 
contains  more  or  less  hydrogen. 

(2.)  Pure  methane  may  be  obtained  by 
the  decomposition  of  zinc  methyl,  by  means 
of  water — 

Zn(CH  Ji + 2H,0  -  ZnH  ,0,  +  2CH4. 

(>)  The  most  convenient  method  for 
preparing  methane,  is  by  the  action  of  zinc-  fig.  66. 

copper  couple  upon  methyl  iodide.'*'    For 

this  purpose  the  zinc-copper  couple  is  placed  in  a  small  flask,  and  a 
mixture  of  equal  volumes  of  methyl  iodide  and  methyl  alcohol  is 
introduced  by  means  of  the  stoppered  funnel  (Fig.  66).  The  gas 
b  caused  to  pass  through  a  tube  filled  with  the  zinc-copper  couple, 
whereby  it  is  deprived  of  any  vapour  of  the  volatile  methyl  iodide, 
and  is  collected  over  water  in  the  pneumatic  trough. 

Manh  gu  is  formed  dtiring  the  process  of  the  distillation  of  coal,  and  b 
therefore  a  large  constituent  of  coal  gas,  the  amount  varying  from  35  to  40 
percent 


•  "CbemiaU  Lecture  Experiments,"  Na  343. 
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Properties. — Methane  is  a  colouriess  gas,  having  no  taste  « 
smell.  It  bums  with  a  pale,  feebly  luminous  flame.  When  mind 
with  air  or  oxygen  and  ignited,  the  mixture  explodes  with  violenot 
The  products  of  its  combustion  are  water  and  carbon  dioxide— 

CH4  +  20,  =  CO,  +  2H,0. 

Methane  is  only  about  one-half  as  heavy  as  air,  its  specific 
gravity  being  a 55  (air  =1).  TYi^  fire-damp  of  coal-mines  is  neadj 
pure  methane ;  its  average  composition  being — 

Methane      ......    96.0 

Carbon  dioxide    .       •       •       •       .      a5 
Nitrogen 3.5 

loao 


ETHENE  {Ethylene^OUfiant  Gas). 
Formula,  CqH^.     Molecular  weight  =  38.     Density  =  14. 

Modes  of  Formation. — (i.)  This  compound  is  obtained,  when 
ethyl  iodide  is  acted  upon  by  an  alcoholic  solution  of  potassium 
hydroxide — 

CjHgl  +  KHO  =  KI  +  HjO  +  C,H4. 

(2.)  It  is  also  formed,  when  ethylene  dibromide  is  brought  in  con- 
tact with  zinc- copper  couple,  the  ethylene  dibromide  being  diluted 
with  its  own  volume  of  alcohol — 

C2H4Brj  +  Zn  =  ZnBr,  +  CJH4. 

(3.)  The  method  usually  employed  for  preparing  ethylene  in 
quantity,  consists  in  abstracting  the  elements  of  water  fh>m  alcohol, 
by  means  of  strong  dehydrating  agents,  such  as  phosphorus  pent- 
oxide,  or  sulphuric  acid — 

CjIIoO  -  HgO  =  C2H4. 

The  mixture  of  alcohol  and  sulphuric  acid  is  heated  in  a  flasl^ 
to  about  165** ;  and  the  ethylene,  after  being  washed  by  bubbling 
through  water,  may  be  collected  at  the  pneumatic  trough.* 

Properties. — Ethylene  is  a  colourless  gas,  having  a  somewh^ 

*  "  Chemical  Lecture  £xperim«nts«"  Nos.  \^  to  ^i. 


Acctyloie  279 

picisaiU  ethereal  smell  ;  it  burns  with  a  highly  luminous  tlame, 
forming  carbon  dioxide  and  water,  one  volume  of  the  gas  requiring 
three  volumes  of  oxygen  for  its  complete  combustion — 

C,H4  +  80,  -  2C0,  +  2H,0. 

If  mixed  with  oxygen  in  this  proportion  and  inflamed,  the  mix- 
ture explodes  with  great  violence. 

When  mixed  with  twice  its  volume  of  chlorine  and  ignited,  the 
mixture  bums  rapidly  with  a  lurid  flame,  with  the  formation  of 
hydrochloric  add  and  deposition  of  carbon — 

C,H4  +  2C1,  -  4HC1  +  2C 

Ethylene  is  reduced  to  the  liquid  state,  at  a  temperature  of  o®, 
by  a  pressure  of  41  atmospheres;  the  critical  temperature  of 
the  gas  is  +  lai*,  at  which  point  a  pressure  of  51  atmospheres  is 
required  to  liquefy  it  Liquefied  ethylene  boils  at  -  103*,  and  by 
increasing  its  rate  of  evaporation,  temperatures  as  low  as  -  1 40^  can 
readily  be  obtained;  this  substance,  therefore,  furnishes  an  ex- 
tremely useful  refrigerating  agent  when  very  low  temperatures  are 
required,  as,  for  example,  in  the  liquefaction  of  oxygen,  nitrogen, 
and  other  gases  having  low  critical  points.  Ethylene  (together  with 
higher  members  of  the  same  series)  constitutes  the  chief  illumi- 
nating constituent  of  ordinary  coal  gas,  of  which  it  forms  from 
4  to  10  per  cent 


BTHIHB  {^Acetylene). 
Formula,  CfH^    MoleculRr  weight  =  96.    Density  s  13. 

lodes  of  FormatiOIL— (i.)  Acetylene  is  capable  of  being  syn- 
thetically formed  by  the  direct  union  of  its  elements.  For  this 
purpose  a  stream  of  hydrogen  is  passed  through  a  three-way  globe, 
in  which  an  electric  arc  is  burning  between  two  carbon  rods, 
arranged  as  seen  in  Fig.  67  (a  quantity  of  sand  being  placed  in 
the  globe,  to  prevent  fiacture  from  falling  fragments  of  red-hot 
carbon).  Under  these  circumstances,  a  small  quantity  of  the 
carbon  and  hydrogen  unite  to  form  acetylene,  which  is  swept  out 
of  tbc  globe  by  the  current  of  hydrogen. 
(3.)  Acetylene  is  more  conveniently  prepared  by  the  action  of 

alcoholic  potash  upon  ethyJene  dibromide.     Alcoholic  poXa&Vv  *\s 
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heated  in  a  flask,  and  ethylene  dibromide  dropped  upon  it  frona 
stoppered  funnel,  when  the  following  reaction  takes  place*— 

CjH^Br,  +  2KH0  -  2KBr  +  2H,0  +  C,H,. 

(3.)  Acetylene  may  also  be  obtained  by  the  action  of  water  upoo 
barium  carbide ;  t  thus — 

BaC,  +  2H,0  -=  BaHjO,  +  2C,H,. 

(4.)  Acetylene  is  formed  when  marsh  gas,  or  coal  gas,  is  bwncd 
with  an  insufficient  supply  of  adr  for  complete  combustion ;  thnit 
when  a  Bunsen  lamp  becomes  accidentally  ignited  at  the  base  d 


Fio.  67. 

the  chimney,  the  peculiar  and  unpleasant  smell  that  is  perceived 
is  due  to  the  formation  of  acetylene. 

Acetylene  is  present  in  small  quantities  in  ordinary  coal  gas. 

Properties. — Acetylene  is  a  colourless  gas  having  an  extremely 
offensive  smell,  which  rapidly  induces  headache  ;  when  inhaled  in 
an  undiluted  state  it  is  poisonous.  The  gas  bums  with  a  highly 
luminous  and  smoky  flame.  It  is  more  soluble  in  water  than 
either  ethylene  or  marsh  gas  ;  water  at  the  ordinary  temperature 
dissolving  about  its  own  volume  of  this  gas.  At  a  temperature  of 
4-  lo",  and  under  a  pressure  of  63  atmospheres,  acetylene  con- 
denses to  a  colourless  liquid. 

When  acetylene  is  passed  into  an  anunoniacal  solution  of  cuprous 
chloride,  a  deep-red  coloured  compound  is  produced,  known  as 
cuprous  acetylide — 

Cu8Cl2,2NH,  +  H,0  +  C,H,  =  2NH4CI  +  C,H,Cu,0. 

•  "  Chemical  Lecture  Experiments,"  No.  448. 

f  Barium  carbide  may  be  obtained  by  heating  a  mixture  of  two  parts  of 
barium  carbonate,  four  of  carbon  (powdered  gas  carbon),  and  ten  of  powdere<^ 
magnesium,  in  a  copper  flask. 
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\oA  reaction  furnishes  not  only  a  ready  and  delicate  test  for  the 
of  this  gas,  but  also  a  means  of  removing  acetylene  from 
with  other  gases,  and  obtaining  it  in  a  form  of  combina- 
from  which  it  can  easily  be  disengaged  again  in  a  state  of 
psiity. 

Large  quantities  of  this  compound  may  readily  be  obtained,  by 
■■pirating  the  products  of  the  imperfect  combustion  of  coal  gas, 
rikioogh  ammoniacal  cuprous  chloride.  For  this  purpose,  a  flame 
of  air  burning  in  an  atmosphere  of  coal  gas  (see  Combustion, 
9ige268)  is  arranged  as  seen  in  Fig.  68,  and  the  products  of 
combustion  are  drawn  through  the  copper  solution  contained  in 
cylinder,  by  means  of  a  suitable  aspirator.     The  cuprous 


Fig.  68. 

acetylide  rapidly  forms  as  a  red  precipitate,  which  can  be  sepa- 
cated  from  the  solution  by  filtration. 

From  this  substance,  pure  acetylene  is  readily  obtained  by  the 
ad^tion  to  it  of  hydrochloric  acid — 

C,H,CuaO  4-  2HC1  =  CujCl,  +  H2O  +  CjH,. 


Coal  Gas. — When  coal  is  distilled,  the  volatile  products  obtained 
s^:  (i)  coal  tar  ;  (2)  an  aqueous  liquid  containing  ammonia  and 
other  products,  and  known  as  ammoniacal  liquor ;  (3)  coal  gas. 

Coal  gas,  after  being  subjected  to  ordinary  purification,  is  a 
mixture  of  gases  which  may  be  divided  into  three  classes,  namely  : 
iUuminants^  diluents^  and  impurities.  The  most  important  of 
these  substances 
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I  Ethylene,    CfH^ ;    propjieoe,    CgHg ;    bntyleoe,  \ 
C4H8 (C.H»i)      (AbouiM 
Acetylene.  CH, ;  aUylene.  C,H4       .    (CnH»i  _,)  (  I"  cent 
Benzene,  CeHc (CH^i.c)) 

Diluents, — Hydrogen,  marsh  gas,  carbon  monoxide       .    About  90  per  oaL 
ImpuritUs. — Nitrogen,    carbon    dioxide,  'sulphuretted 

hydrogen About  3.5  per  oeoL 

The  composition  of  the  gas  is  largely  detennined  by  the  nature 
of  the  coal  employed,  as  may  be  seen  from  the  following  analyses 
of  gas  from  bituminous  and  from  cannel  coal : — 


From  BUuwUnaus  CoaL 

Fnm  Cannel  CmI, 

London  (FranklaiulX 

London 
(FkankkodX 

(Bnmcnai 

Hydrogen    , 

.     50.05 

5ia4 

35-94 

4SS« 

Marsh  gas    . 

•     32.87 

35.98 

4x99 

34.90 

Carbon  monoxide 

.     za.89 

7.40 

xao7 

6l6» 

Illuminants  . 

.       3.87 

3.56 

nxSi 

6146 

Nitrogen 

■                •  •  • 

2.94 

•  •« 

«.46 

Carbon  dioxide    . 

0.30 

asS 

1.19 

3-67 

Sulphuretted  hydrogen 

. 

•  •  a 

•  •  • 

a99 

100.00 

ZOO.  00 

XO0.00 

loaoo 

CHAPTER  XI 

COMBUSTION 

MThen  chemical  action  is  accompanied  l>y  light  and  heal,  the 
alieiioixieDon  is  called  comdusium.  All  exhibitions  of  light  and 
lemt  are  not  necessarily  instances  of  combustion ;  thus,  when  an 
filectric  corrent  is  passed  through  a  spiral  of  platinum  wire,  or 
tluoagh  a  carbon  thread  in  a  vacuous  bulb  (as  in  the  familiar 
^glow"  lampsX  these  substances  become  hot,  and  emit  a  bright 
li^t.  Neither  the  platinum  nor  the  carbon,  however,  is  under- 
g^oing  any  chemical  change,  and  therefore  the  phenomenon  is  not 
ooe  of  combustion.  The  materials  are  simply  being  heated  to  a 
state  of  incandescence  by  external  causes,  and  as  soon  as  tliese 
cease  to  operate,  the  glowing  substances  return  to  their  original 
condition  unchanged. 

Combustion  may  be  defined  as  the  chemical  union  of  two  sub- 
stances^ taking  place  with  sufficient  energy  to  develop  light  and 
Meat,    When  the  amoimt  of  light  and  heat  arc  feeble,  the  combus- 
tion is  described  as  slow  or  incipient;  while,  on  the  other  hand, 
when  they  are  considerable,  the  combustion  is  said  to  be  rapid  or 
eictive.    The  true  nature  of  combustion  was  not  understood  until 
after  the  discovery  of  oxygen  in  1775.     From  about  the  year  1650 
until  after  that  important  discovery,  the  phlogistic  theory  was 
universally  adopted.     According  to  this  view,  a  combustible  body 
was  one  which  contained,  as  one  of  its  constituents,  a  substance  or 
principle  to  which  the  mxne  phlogiston  was  applied.     Easily  com- 
bustible substances  were  considered  to  be  rich  in  phlogiston,  while 
those  that  were  less  inflammable  were  held  to  contain  but  little  of 
this  ingredient    The  act  of  combustion,  was  regarded  as  the 
escape  of  this  principle  from  the  burning  substance.     Thus,  when 
a  metal  was  burnt  in  the  air,  it  was  considered  to  be  giving  off  its 
phlogiston,  and  the  material  that  was  left  after  the  combustion 
(which  we  now  know  to  be  the  oxide  of  the  metal)  was  regarded  as 

the  other  cxmsthuent  of  the  metal,  and  was  called  the  calx,    T\i^ 
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metal,  therefore,  ¥ras  supposed  to  be  a  compound  of  a  cah  «M  I 
phlogiston.  By  heating  a  calx  along  with  some  substance  rid  ii] 
phlogiston,  the  former  again  combined  with  this  principle  andtkB] 
metal  was  once  more  produced.  Thus,  when  the  calx  of  lead  wh] 
heated  with  charcoal  (a  substance  pre-eminently  rich  in  plil» 
giston),  the  charcoal  supplied  the  calx  with  the  necessary  amouatrf 
phlogiston,  to  produce  the  compound  of  calx  of  lead  and  jdilogisto^l 
which  was  metallic  lead.  This  theory  of  combustion,  after  susta»| 
ing  many  severe  shocks  (from  such  experiments  as  those  of  Bojfk 
and  others,  who  showed  that  the  calx  of  a  metal  was  heavier  tfaa  I 
the  metal  used  in  its  formationX  received  its  death-blow  on  the ' 
discovery  of  the  compound  nature  of  water,  and  that  this  substance  | 
was  produced  by  the  combustion  of  hydrogen  in  oxygen. 

In  all  processes  of  combustion,  it  is  customary  to  regard  one  of 
substances  taking  part  in  the  chemical  change  as  the  camdusiMt 
and  the  other  as  the  supporter  of  combustion.  Usually  that  sob- 
stance  which  surrounds  or  envelops  the  other,  is  called  the  st^ 
porter  of  combustion.  Thus,  when  a  jet  of  burning  hydrogen  is 
introduced  into  a  jar  of  chlorine,  or  when  a  fragment  of  charcoal 
bums  in  oxygen,  the  chlorine  and  the  oxygen  are  spoken  of  as  the 
supporters  of  combustion^  while  the  hydrogen  and  carbon  are  termed 
the  combustibles. 

In  all  the  more  familiar  processes  of  combustion,  the  atmosphere 
itself  is  the  enveloping  medium,  and  the  air  is  therefore,  par  excel- 
lence, the  supporter  of  combustion  ;  and  in  ordinary  language  the 
terms  combustible  and  incombustible  are  applied  to  denote  sub- 
stances which  bum,  or  do  not  bum,  in  the  air.  By  a  similar 
process  of  limitation,  it  has  become  customary  to  speak  of  other 
j^ases  as  supporters  or  non-supporters  of  combustion,  if  they  behave 
towards  ordinary  combustibles  as  air  does.  Thus  we  say  of  hydro- 
gen, or  marsh  gas,  or  coal  gas,  that  they  are  combustible,  but  do 
not  support  combustion  ;  and  of  oxygen,  or  chlorine,  or  nitroos 
oxide,  that  they  do  not  bum,  but  will  support  combustion ;  and, 
lastly,  of  such  gases  as  ammonia,  or  carbon  dioxide,  or  sulphur 
dioxide,  that  they  neither  bum  nor  support  combustion. 

This  distinction,  however,  is  a  purely  conventional  one,  and  has 
little  or  no  scientific  significance  ;  for,  by  a  slight  modification  of  the 
conditions,  either  hydrogen,  marsh  gas,  or  coal  gas  may  become 
supporters  of  combustion,  and  oxygen,  chlorine,  or  nitrous  oxide 
the  combustible  substances.  Thus,  when  a  jet  of  hydrogen  burns 
m  oxygen,  we  say  that  the  hYdro^wx  \s  the  combustible^  and  the 
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n  the  supporter  of  combustion  (Fig.  69,  a)  ;  but  if  a  jet  of 
n  be  thrust  up  into  a  jar  of  hydrogen  (Fig.  69,  b),  it  ignites  as  it 
s  the  burning  hydrogen,  and  continues  to  bum  in  the  hydrogen. 
means  of  the  apparatus  shown  in  Fig.  70,  this  may  be  still 
strikingly  shown.*  A  stream  of  hydrogen  is  passed  into  the 
chimney  by  the  tube  H,  and  the  issuing  gas  inflamed  as  it 
es  at  the  top.  Oxygen  is  admitted  through  the  tube  o,  and 
t  of  gas  ignited  by  pushing  the  long  tube  up  into  the  burning 
iS^en  at  the  top,  and  then  drawing  it  down  to  the  position 


^=^l-T 
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Fig.  69. 


B 


Fig.  70. 


ira  in  the  figure,  where  the  jet  of  oxygen  continues  to  bum  in 
atmosphere  of  hydrogen. 

y  means  of  the  same  apparatus,  oxygen,  or  chlorine,  or  nitrous 
le,  may  be  caused  to  bum  in  either  hydrogen,  marsh  gas,  or 
1  gas.  Anunonia,  which,  as  already  mentioned,  is  usually 
cribed  as  being  neither  combustible  nor  a  supporter  of  com- 
tion,  when  surrounded  by  an  atmosphere  of  oxygen  is  readily 
ammable,  and  will  as  readily  support  the  combustion  of  oxygen, 
rhe  atmosphere  itself  becomes  the  combustible  body  when  the 
lal  conditions  of  combustion  are  reversed.     Thus,  if  a  stream  of 


*  *' CbemiaU  Lecture  Experiments,"  No.  352. 
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C0&1  gas  be  passed  through  a  similar  lamp  glass,  thniugfa  the  eoA 
of  which  a  short  straight  glass  tube  passes  (Fig.  71),  air  will  la 
drawt)  up  through  this  tube,  and  may  be  inflamed  by  passing  91 
lighted  taper.  The  jet  of  air  will  then  continue  to  bun  as  a  tat 
luminous  flame.  The  Mr  is  beie  the  combustible^  and  the  coil  pi 
the  supporter  of  combustion.  If  the  excess  of  coal  ^as  be  in 
as  it  escapes  from  the  top,  the  opposite  conditions  will  be  fiilfilk^ 
the  air  being  the  supporter  of  combustion,  and  the  ooal  gai  At 
combustible. 

This  interchangeableness  of  the  terms  combustible  and  11^ 
porter  of  combustion,  applies  also  to  substances  that  are  liqnd 
or  even  solid,  at  the  oi  ' 
temperature.  If  a  small  qaao- 
tity  of  some  inflamnwble  liquid, 
as  ether,  catbou  djsulphide^  w- 
pentinc,  &c,  be  boiled  in  1 
flask,  and  the  issuing  vaponi 
inflamed,  a  jet  of  oxygen  gn 
when  lowered  into  the  flut 
will  ignite  as  it  passes  the  flame, 
and  continue  to  biim  in  the 
vapour  of  the  liquid.  In  the 
same  way,  sulphur,  which  is  1 
combustible  solid,  and  irtiose 
vapour  is  inflammable  in  the 
air,  is  capable  in  the  state  of 
vapour  of  supporting^  the  cotn- 
bustion  of  oxygen.  Since  ami- 
bust  ion  is  the  result  of  enecgetic 
chemical  union,  and  since  abo 
F,,;  ji_  it  is  a  mere  condition  of  expeii' 

ment  which  of  the  two  acting 
substances  shall  function  as  the  environment  of  the  other,  it  will 
be  seen  that  the  terms  combustible  and  supporter  of  combustioii, 
as  applied  to  a  chemical  substance,  do  not  express  any  definite 
or  characteristic  property  of  that  body. 

It  was  demonstrated  by  Buyte,  that  when  a  metal  is  burnt  in 
the  air,  the  calx  (or  oNide)  (hat  is  obtained,  weighs  man  than  the 
metal  employed,  instead  of  less,  as  the  phlot;isiic  theory  seemed  to 
demand.  This  fact,  which  the  upholders  of  phlogiston  found  it  so 
difliciilt  10  reconcile,  is  seen  to  be  a  necessary  consequence  of 
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considered  from  the  modem  point  of  view.     In  all 

combttstion,  the  weight  of  the  products  of  the  action 
ht  total  weight  of  each  of  the  two  substances  taking 
irhemical  combination.  When,  for  example,  the  metal 
bmns  in  the  air,  the  weight  of  the  product  of  the  com- 
[oal  to  the  weight  of  the  metal,  plus  the  weight  of  a 
int  of  oxygen  with  which  it  united  in  the  act  of  bum- 
ain  in  weight  during  combustion  may  be  demonstrated 
'  of  ways.    Thus,  if  a  small  heap  of  finely  divided  iron, 

the  reduction  of  the  oxide,  be  counterpoised  upon  the 
Mdance,  and  then 

iron  will  be  seen 
d  as  it  bums  the 
II  show  that  the 
\  mass  is  increasing 

In  thb  case  the 
:  of  the  combustion 
nibstance,  namely, 
rhich  remains  upon 

the  balance  ;  but 
ssolt  follows  when 
:  of  the  action  is 
rhus,  for  instance, 
ment  of  sulphur  is 
»ugh  it  disappears 

it,  like  the  iron, 
ith  oxygen  to  form 
his  oxide,  however, 
k,  escapes  into  the 
.  If  the  sulphur  be 
ch  a  manner  that 

dioxide  is  collected  and  weighed,  it  also  will  be  found 
*r  than  the  original  sulphur.  In  the  process  of  bum- 
jne  of  sulphur  unites  with  about  i  granmie  of  oxygen, 
xxluct  therefore  weighs  2  grammes.  By  causing  an 
ndle  to  bum  in  the  apparatus  shown  in  Fig.  72,  where 
5  products  of  its  combustion  are  arrested,  the  increase 
may  easily  be  seen.  The  candle  being  essentially  a 
of  carbon  and  hydrogen,  the  products  of  its  burning 
bon  dioxide  and  water,  both  of  which  will  be  absorbed 
irni  hydroxide  m  the  upper  part  of  the  lube,     Cotvst- 


FiG.  72. 
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quently,  as  the  candle  bums  away,  the  arrangement 
gains  in  weight ;  the  increase  being  the  weight  of  the 
oxygen  which  has  combined  with  the  carbon  and  the  hjrdroge^l 
form  the  compounds  carbon  dioxide  and  water. 

Heat  of  CombostloiL — During  the  process  of  combostio^ 
certain  amount  of  heat  is  evolved,  and  a  certain  tempenton ; 
attained — two  results  which  are  quite  distinct    The  temperaimt\ 
measured  by  thermometers,  or  pyrometers,  while  the  amamt 
hecU  is  measured  in  terms  of  the  calorie^  or  heat  unit.* 

The  amount  of  heat  produced  by  the  combustion  of  any  nA^ 
stance,  is  the  same,  whether  it  bums  rapidly  or  slowly,  piovidll 
always  that  the  same  final  products  are  formed  in  each  CMK 
Thus,  when  i  gramme  of  phosphoms  bums  in  the  air  to  fcni 
phosphoms  pentoxide,  it  evolves  5747  calories ;  and  when  M 
same  weight  of  phosphoms  is  burnt  in  oxygen,  although  the  OOK 
bustion  is  much  more  rapid  and  energetic,  and  the  iemfieralm 
consequently  rises  higher,  the  amount  of  heat  evolved  is  predsdy 
the  same. 

Again,  when  iron  is  heated  in  oxygen  it  bums  with  great  bril- 
liancy, and  with  evolution  of  much  heat ;  if,  however,  the  saM 
weight  of  iron  be  allowed  slowly  to  combine  with  oxygen,  efCl 
without  any  manifestation  of  combustion,  but  simply  by  the  fio* 
cess  of  spontaneous  oxidation,  or  rusting^  it  is  found  that  thi 
amount  of  heat  produced,  in  forming  the  same  oxide,  is  absohitdy 
the  same. 

So  far,  therefore,  as  the  quantity  of  heat  produced  is  concernedi 
there  is  no  difference  between  active  combustion  and  slow  00a- 
bustion,  or  (confining  ourselves  to  the  case  of  combinations  wiA 
oxygen)  between  active  combustion  and  the  ordinary  process  ol 
spontaneous  oxidation  at  ordinary  temperatures.  In  the  lattei 
case  the  heat  is  given  out  slowly ;  so  slowly  tliat  it  is  convejfed 
away  by  conduction  and  radiation  as  fisist  as  it  is  produced,  and 
consequently  the  temperature  of  the  material  undergoes  no  pff- 
Geptible  change.  In  the  case  of  active  combustion,  the  action  ii 
crowded  into  a  few  minutes  or  seconds,  and,  as  all  the  heat  de- 
veloped is  evolved  in  this  short  space  of  time,  the  temperature  of 
the  substances  rapidly  rises  to  the  point  at  which  light  is  emitted. 

That  heat  is  developed  during  the  process  of  spontaneous  oxidt- 
tion  is  readily  shown.     Thus,  if  a  small  heap  of  fragments  of 

*  The  major  calorie  sometimes  used  is  eqtxal  to  1000  calories.  See  Tliera» 
dbemjstry,  Part  I.  chap.  xv. 
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osphorus  be  exposed  to  the  air,  it  will  be  evident  from  the 
mation  of  fumes  of  oxide,  that  it  is  undergoing  oxidation.  As 
\  action  proceeds,  and  as  the  heat  produced  by  the  oxidation  is 
veloped  more  rapidly  than  it  is  radiated  away  (especially  from 
e  interior  portions  of  the  heap),  it  will  be  seen  that  the  phos- 
orus -quickly  begins  to  melt,  and  finally  the  temperature  will 
e  to  the  point  at  which  eutive  combustion  begins,  when  the  mass 
11  burst  into  flame. 

It  has  been  shown,  that  many  destructive  fires  have  arisen  from 
asses  of  combustible  material,  such  as  heaps  of  oily  cotton  waste, 
idergoing  this  process  of  spontaneous  oxidation,  until  the  heat 
iveloped  within  the  mass  has  risen  sufficiently  high  to  inflame 
e  materiaL  To  the  operation  of  the  same  causes,  is  to  be 
ferred  the  spontaneous  firing  of  hay -stacks  which  have  been 
lilt  with  damp  hay ;  and  also  the  spontaneous  inflammation  of 
nl  in  the  holds  of  ships. 

As  the  temperature  produced  by  combustion  is  augmented  by 
icreasing  the  rapidity  with  which  the  chemical  action  takes  place, 
will  be  at  once  obvious  why  substances  which  bum  in  the  air, 
urn  with  increased  brilliancy  and  with  higher  temperature  in  pure 
lygen.  In  the  air,  every  molecule  of  oxygen  is  surrounded  by 
yor  molecules  of  nitrogen,  therefore  for  every  one  molecule  of 
xygen  that  comes  in  contact  with  the  burning  substance,  four 
lolecules  of  this  inert  element  strike  it ;  and  by  so  doing  they  not 
mly  prevent  the  contact  of  so  much  oxygen  in  a  given  interval  of 
ime,  but  they  themselves  have  their  temperature  raised  at  the 
ncpense  of  the  heat  of  the  burning  material.  The  number  of 
)xygen  molecules  coming  in  contact  with  a  substance  burning  in 
Lhe  air,  in  a  given  time,  may  be  increased  by  artificially  setting  the 
air  in  rapid  motion  :  hence  the  increased  rapidity  of  combustion 
(and  consequent  rise  of  temperature)  that  is  effected  by  the  use  of 
bellows,  or  by  increasing  the  draught  by  means  of  chimneys  and 
dampers. 

The  augmentation  of  temperature  obtained  by  the  substitution 
of  pure  oxygen  for  air,  is  well  illustrated  in  the  case  of  burning 
hydrogen.  The  temperature  of  the  flame  of  hydrogen  burning 
in  oxygen,  known  as  the  oxy-hydrogen  flame,  is  extremely  high, 
^  when  allowed  to  impinge  upon  a  fragment  of  lime,  it  quickly 
nuses  the  temperature  of  that  substance  to  an  intense  white 
licat,  when  it  emits  a  powerful  light — the  so-called  oxy-hydrogen 
lime  Ij^hl 

T 
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The  following  results  obtained  by  Bunsea,  show  the 
reached  by  the  combustion  of  hydrogen,  and  of  carbon 
in  air  and  in  oxygen  : — 

The  flame  of  hydrogen  burning  in  air    . 

..  M  It  oxygen     . 

„  carbon  monoxide  burning  in  air 

II  II  »  oxygen 


Fio,73. 

of  the  carbon  tnonoiide  flame  is  higher  than  that  of  hydrogen.  Tliis  tj  dee 
lo  the  paniil  dissocialion  of  the  water,  which  resulti  from  the  combnslion  d 
the  latter.  It  has  been  shown  that  when  a  mixture  or  hydrogen  and  oxygen.  i° 
the  proponion  to  form  water,  is  ignited,  the  (emperature  produced  bf  tlic 
union  of  a  portion  of  the  miiilure,  rises  above  the  poitit  at  which  waladiv 
sociales ;  and  consequently  for  a  certain  small  interval  of  time,  a  conditico  of 
equilibrium  obtains,  during  which  as  many  molecules  of  water  are  disiocaleil 
■s  are  formed :  during  this  stale  the  temperature  falls,  when  rapid  combiB- 
lion  once  more  proceeds,  ll  will  be  seen,  therefore,  that  the  limit*  lo  tl* 
temperature  which  can  be  reached  by  combustion,  are 


'hich  the  products  of  com\^u^t.\on  MnAei^o  &\und3\»»i. 


Ignition  Point 


291 


Ignition  Pointi — The  temperature  to  which  a  substance  must 
be  raised,  in  order  that  combustion  may  take  place,  is  called  its 
igmtian  paint.  Every  combustible  substance  has  its  own  ignition 
temperature.  If  this  point  be  below  the  ordinary  temperature, 
the  substance  will  obviously  take  fire  when  brought  into  the  air, 
without  the  application  of  heat :  such  substances  are  said  to  be 
spontaneously  inflammable^  and  must  necessarily  be  preserved  out 
of  contact  with  air. 

Passing  from  cases  of  spontaneous  inflammability,  we  find  a 
very  wide  range  existing  between  the  igniting  points  of  different 
substances.  Thus,  a  jet  of  gaseous  phosphoretted  hydrogen  may 
be  ignited,  by  causing  it  to  impinge  upon  a  test-tube  containing 
boiling  water :  carbon  disulphide  vapour  is  inflamed  by  a  glass 
rod  heated  to  120*,  while  the  diamond  requires  to  be  raised  nearly 
to  a  white  heat  before  combustion  begins. 

The  difference  between  the  temperatures  of  ignition  of  hydrogen, 
and  marsh  gas,  may  be 
well  seen  by  means  of  the 
old  steel  mill  of  the  miner  ^^  ''^^^^^ 
(Fig.  73).  By  causing  the 
steel  disk  to  revolve  at  a 
high  speed,  while  a  frag- 
ment of  flint  is  lighdy 
pressed  against  its  edge,  a 
shower  of  sparks  is  thrown 
out ;  and  on  directing  a  jet  Fig.  74. 

of  hydrogen  upoa  these 

sparks,  the  gas  is  instantly  ignited,  while  they  may  be  projected 

into  a  stream  of  marsh-gas  without  causing  its  inflammation. 

The  same  &ct  is  also  made  strikingly  apparent  by  depressing  a 

piece  of  fine  wire  gauze  upon  flames  of  marsh  gas  (or  coal  gas), 

and  hydrogen.    In  the  former  case,  the  flame  will  not  pass  through 

the  gauze,  although  it  may  be  shown  that  marsh  gas  is  making  its 

way  through,  by  applying  a  lighted  taper  immediately  above  the 

wire.    If  the  gauze  be  held  over  the  issuing  jet  of  gas,  the  latter 

may  be  ignited  by  a  taper  upon  the  upper  side  of  the  gauze,  but 

the  combustion  will  not  be  communicated  to  the  inflammable  gas 

beneath  (Fig.  74).    The  gauze  conducts  the  heat  away  from  the 

flame  so  rapidly,  that  the  temperature  of  the  metal  does  not  rise 

to  the  ignition  point  of  the  marsh  gas  on  the  olher  s\d^^  %.t\^ 

ihercfore  the  combustion  cannot  be  propagated  through  XYie  %^.\ni^ 


I 
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In  the  case  of  hydrogen,  however,  it  will  be  found  that  the  instant 
the  gas  upon  the  upper  side  of  the  gauze  is  inflamed,  the. flame 
passes  through,  and  ignites  the  hydrogen  beneath.* 

It  is  upon  this  principle  that  the  safety  of  the  "Davy  lamp"  depeadi 
This  consists  of  an  ordinary  oil  lamp,  the  flame  of  which  is  surroanded  bf 
a  cylinder  of  wire  gauze  (usually  made  double  at  the  top),  throngfa  iriiidi  air 
to  supply  the  flame  freely  passes  in,  and  the  products  of  combustioo  pus  ooL 
When  such  a  lamp  is  taken  into  an  atmosphere  in  which  marsh  gu  is  pR* 
sent,  this  gas,  entering  through  the  gauze,  becomes  ignited  within  the  dumnej, 
producing  a  very  characteristic  effect  upon  the  lamp  flame.  Aooording  to  tbe 
amount  of  marsh  gas  present,  the  flame  is  seen  to  become  more  and  mac 
extended,  at  the  same  time  becoming  less  luminous,  until  the  nAiok  interior 
of  the  gauze  cylinder  is  filled  with  the  burning  gas,  emitting  a  fi^nt  bluish 
light,  known  among  the  miners  as  the  corpse-4ighl.  The  bomiqg  marsh  gas 
is  unable  to  communicate  its  combustion  to  the  inflammafals  mfactnre  oatskk. 
for  the  same  reason  that  the  fiame,  in  the  experiment  alrcBdj  rafeiied  to,  was 
unable  to  pass  through  the  wire  gauze.  If  from  any  erase,  the  flame  ihoaM 
heat  any  spot  of  the  gauze  chimney  to  a  temperature  above  the  igaitioo  point 
of  marsli  gas,  the  outside  combustible  mixture  will  become  ignited.  It  hus 
I)ocn  shoA^ni,  that  by  exposing  the  lamp  to  a  strong  air  drau^t,  the  flame  mny 
1k^  so  driven  against  the  gauze  as  to  unduly  heat  the  metal.  It  has  also  been 
proved,  that  the  same  result  frequently  follows  from  the  expIosivB  wave  that 
is  produced  in  a  mine,  when,  from  some  accidental  cause,  the  operation  of 
blasting  (or  shot-firing)  results,  not  in  the  splitting  of  the  rock,  but  in  merely 
blowing  out  the  "  tamping."  The  violent  concussion  to  tbe  air,  wfaidi  foUovi 
such  a  blown-cut  shot,  has  been  known  to  blow  the  flames  of  the  Davy  lamps, 
even  in  remote  p.irts  of  the  workings,  bodily  through  the  gauze ;  and  if  such 
lamps  are  burning  at  the  time  in  an  inflammable  mixture,  it  would  thereby  be 
fired. 

By  the  behaviour  of  the  flame  of  a  Davy  lamp,  when  plnced  into  an  atmos- 
phere containing  marsh  gas,  it  is  possible  to  estimate,  with  a  rough  d^ree  of 
accuracy,  the  percentage  amount  of  that  gas  which  is  present.  For  this  pur- 
pose the  flame  is  turned  down  as  low  as  possible,  and  the  height  to  which  tbe 
burning  marsh  gas  extends  (the  so-caM^  fire-damp  cap)  is  measured  against  a 
scale  graduated  in  tenths  of  inches.  Fig.  75  (two-thirds  the  actual  size)  shows 
the  "  caps  "  obtained  by  the  presence  of  4,  5,  and  6  per  cent,  of  marsh  gas.t 

When  the  ignition  point  of  a  substance  is  lower  than  the  tem- 
perature produced  by  its  combustion,  such  a  substance,  when 

*  Recent  experiments  of  Victor  Meyer  (Berichte,  No.  16,  1893),  upon  tbe 

ignition  temperature  of  explosive  gaseous  mixtures,  give  the  following  results  :— 

A  mixture  of  oxygen  and  hydrogen  (electrolytic  gas)  explodes  at    612" 

Explosive  mixture  of  oxygen  and  marsh  gas      ....    65^  \ 

,,  ,,  ,,  coal  gas  ....    647*  •: 

t  In  a  recent  development  of  this  method  of  testing,  a  small  hydrogen       |  -, 

flame  is  substituted  for  the  oil  lamp  flame,  whereby  it  is  possible  to  detect  the       *  .: 

presence  of  a  25  per  cent,  of  marsh  gas  <^C\ov.'cs\. 
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d,  will  continue  to  bum  without  further  application  of  ex- 
I  heat,  the  inflammation  being  propagated  from  particle  to 
le  by  the  heat  developed  by  their  own  combustion.  All  the 
iry  processes  of  combustion  are  actions  of  this  order,  and 
g  to  the  dass  of  chemical  reactions  known  as  exelhermic, 
m  to  say,  reactions  which  are  accompanied  by  an  evolution 
It  (page  I47> 

[Ml  the  other  hand,  the  ignition  point  be  higher  than  the  heat 
iced  by  chemical  union,  combustion  cannot  proceed  without 
s  application  of  external  heat.    The  igniting  point  of 


F10.7S. 

jen  in  oxygen,  for  example,  is  higher  than  the  temperature 
iced  by  the  union  of  these  elements  ;  therefore,  although  the 
gen  may  be  ignited  by  the  heat  of  the  electric  spark,  it  is 
le  to  communicate  its  combustion  to  contiguous  particles,  and 
nSammation  docs  not  spread  If  the  ignition  point  of  uilro- 
in  oxygen  had  been  lower  instead  of  higher  than  the  heat  of 
hemical  union  of  these  elements,  the  first  flash  of  lightning  thai 
urged  into  the  air  would  have  initiated  a  conflagration,  which 
d  have  extended  through  the  whole  atmosphere,  and  resulted 
le  removal  of  the  oxygen,  and  its  replacement  by  oiddes  of 
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The  production  of  acetylene  by  the  combination  of  carbon  with  hydropn 
under  the  influence  of  high  temperature ;  and  the  formation  of  cyanogen,  and 
carbon  disulphide,  by  the  union  of  the  same  element  with  nitrogen  and  with 
sulphur  respectively,  are  illustrations  of  the  same  class  of  action :  pbenomefli 
of  this  order  being  known  as  endothermic  reactions,  that  is,  remctions  that  are 
attended  with  an  absorption  of  heat  (page  147). 

Flame. — When  both  the  substances  taking  part  in  coinbiistio& 
are  gases  or  vapours,  the  sphere  of  the  chemical  action  asfannes 
the  character  of  flame ;  while,  on  the  other  hand,  if  one  of  the 
materials  is  a  solid  which  is  not  volatile  at  the  temperature  of  its 
combustion,  no  flame  accompanies  its  burning.  Such  solids  as 
sulphur,  phosphorus,  camphor,  wax,  &c,  during  combustion  in  air, 
undergo  vaporisation,  and  consequently  bum  vnth  the  formation  of 
flame  ;  while  such  substances  as  iron,  copper,  carbon,*  &&,  which 
do  not  pass  into  vapour  at  the  temperature  produced  by  their  com- 
bustion in  oxygen,  bum  in  this  gas  without  giving  rise  to  a  flaiii& 

Flames  differ  very  widely  in  their  general  appearance,  and  in 
the  majority  of  cases  are  distinctly  characteristic :  thus,  hydragiea 
burns  in  air  with  a  flame  that  is  almost  absolutely  colouriess,  and 
is  scarcely  visible  in  bright  daylight ;  sulphur  burning  in  air  pro* 
duces  a  pale  blue  flame ;  ammonia  in  oxygen  a  flame  having  a 
yellow-ochre  colour ;  carbon  monoxide  a  rich  blue  flame,  wink 
cyanogen  burns  with  a  flame  having  the  delicate  colour  of  the 
peach  blossom.  Other  flames  are  characterised  by  thdr  luminonty. 
Thus,  phosphorus  burning  in  oxygen  emits  a  dazzling  yellow  light, 
that  is  almost  blinding  to  the  eyes  ;  magnesium  bums  in  the  air 
with  an  intense  bluish-white  light ;  the  flame  produced  by  the 
combustion  of  the  vapour  of  nickel  carbonyl  in  air  emits  a  bright 
white  light ;  and  the  flames  that  are  produced  by  most  hydro- 
carbons during  their  combustion,  give  a  characteristic  yellowish- 
white  light. 

The  General  Structure  of  Flame.— The  simplest  form  of 

flame,  is  one  that  is  obtained  by  the  combustion  of  a  substance 
which  itself  undergoes  no  decomposition,  and  in  which  the  product 
of  combustion  is  arrived  at  in  a  single  stage.  Such  flames,  for 
example,  as  that  of  hydrogen  burning  in  chlorine  or  in  air ;  or  of 
carbon  monoxide  burning  in  air.  In  the  case  of  hydrogen  burning 
in  air,  the  materials  taking  part  in  the  process  being  elementary 

*  Under  certain  conditions,  the  combustion  of  carbon  in  oxygen  is  accom- 
panied by  flame ;  but  it  has  been  shown  that  at  the  temperature  at  which  this 
occurs,  carbon  monoxide  is  being  formed. 
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bodies,  no  complications  arising  from  decomposilion  are  possible  ; 
and  although  carbon  monoxide  is  a  compound,  it  unites  with 
oxygen  without  itself  undergoing  any  decomposition,  and  passes 
directly  into  carbon  dioxide.  Such  tiamcs  as  these,  when  burning 
from  the  end  of  a  tube,  consist  of  a  single  hollow  conical  sheath 
of  actively  burning  gas.  Fig.  76  represents  a  flame  of  burning 
hydrogen  1  the  darker  region  d  is  the  hollow  space  within  the  flame, 
consisting  of  unbumt  hydrogen  ;  while  the  flame  proper,  the  actual 
burning  portion,  is  the  sheath  b,  which  apprears  practically  uniform 
throughout.  That  the  flame-cone  is  hollow  may  be  proved  by  a 
variety  of  experiments.  Thus,  if  a  sheet  of  white  paper  be  quickly 
depressed  into  a  Aame,  a  charred  impression  of  the  section  of  the 
cone  will  be  obtained,  as  shown  in  Fig.  77,  from  which  it  will  be 


I 
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Fig.  77. 


seen  that  no  combustion  is  taking  place  within  the  cone.  In  the 
same  way,  an  ordinary  lucifer  match  may  be  suspended  within  the 
fbme,  where  it  will  remain  without  ignition  so  long  as  the  burning 
walls  of  the  flame  do  not  touch  it  The  shape  of  a  flame  is  due  to 
the  fact,  that  as  the  gas  issues,  the  layer  nearest  to  the  walls  of  the 
tube  bum  round  the  orifice  of  the  tube  as  a  ring,  consequently  the 
next  layer  has  to  reach  up  above  this  ring  before  it  can  meet  with 
lir  for  its  combustion,  and  each  successive  layer  has  to  pass  up 
liigher  and  higher  in  order  to  find  its  supply  of  air,  and  in  this  way 
the  burning  area  is  built  up  into  the  form  of  a  cone.  To  show  that 
the  hollow  space  consists  of  unbumt  gas,  it  is  only  necessary  to 
iDseit  a  tube  into  the  interior  of  the  flame  in  such  a  way  as  to 
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draw  ofTa  portioD  of  the  gas,  when  it  will  be  found  tbat  the; 
withdrawn  will  bum. 

Passing  from  this  simplest  type,  to  substances  that  in 
decomposition  during-  combustion,  or  which  yield  the  final  p 
of  oxidation  by  successive  stages,  it  is  found  that  the  flame 
give  rise  to  are  less  simple  in  structure. 

As  illustrations  of  various  degrees  of  complexity,  the  M 
examples  may  be  mentioned  : — 

(i.)  Ammonia  burning  in  oxygen.    This  flame  (Fig.  78) 

characteristic,  and  on  inspection  it  is  at  once  obvious  that  i' 

less  simple  structure  than  the  hydrogen  flame.     In  this  ci 

inner  hollow  portion  d  is  suirounded  by  a  double  flAme-en 

inner  cone  a  having  a  yellow-ochn  coin 

I  the  outer  portion  b  possessing  ■  mocfe 
colour,  and  tencUng  to  green.  Dndi 
combustion  of  ammonia,  the  o 
fjoes  decomposition  into  nitngen  ■ 
(,'en.  This  decomposition,  which  b^in 
hollow  region  il,  takes  place  mainly  in  tb 
cone  a,  and  the  hydrogen  which  esci|is 
bustion  in  this  region,  passes  to  t^  a 
.ind  there  bums,  forming  the  outer  cMlb 
bably  there  is  also  a  partial  ccmbiuliaa 
nitrogen, 
(z.)  Carbon  disulphide  burning  in  ok 
flame,  like  the  ammonia  flame,  conKit 
Fio.  78.  double  flame-cone,  consisting  of  an  inne 

coloured  cone,  surrounded  by  an  outer 
having  a  deeper  blue  colour.  During  combustion,  carbon 
phide,  like  ammonia,  is  decomposed,  but  in  this  case  not  or 
both  of  the  constituents  readily  combustible,  but  the  carbon 
into  its  final  state  of  oxidation  in  two  stages,  forming  first  c 
monoxide  and  afterwards  carbon  dioxide. 

{3.}  Hydrocarbons  burning  in  air.  The  flames  produced  1 
combustion  of  these  compounds,  include  those  which  are  com 
employed  for  illuminating  purposes,  such  as  candle,  gas,  a 
flames,  and  in  all  essential  points  of  construction  they  are  ] 
cally  identical.  This  may  be  seen  to  be  the  case  by  a  comp 
of  the  flames  of  a  candle  and  of  coal  gas  (Figs.  79  and  So 
these  flames,  as  in  the  former  cases,  there  is  the  dnrk  hollow 
dy  consistint;  of  heated  unbumt  gas  (in  the  candle  flame  th 
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ated  by  the  vaporisation  of  the  materials  of  the  candle, 
the  melted  condition  are  drawn  up  the  wick  by  capillary 
Above  this  there  is  a  region,  n,  which,  in  comparison 
:  rest  of  the  flame,  appears  almost  opaque,  and  which 
bnght  yellow  lighL  Tliis  luminous  area  constitutes  reta- 
e  largest  part  of  the  flame,  and  in  flames  that  are  used  for 
ing  purposes,  it  is  intentionally  made  as  large  as  possible 
s  of  various  devices.  At  the  base  of  the  flame,  there  is 
region,  c,  which  appears  bright  blue  in  colour,  and  is  non- 


Fig.  79.  Fio.  Sa 


I ;  and  surrounding  the  entire  flame  there  will  be  seen  a 
inunous  mantle,  b. 

lame  proper,  therefore,  consists  of  three  distinct  parts, 
(i)  the  blue  region  f,  at  the  base  ;  (3)  the  faintly  luminous 
' ;  and  (3)  the  yellow,  brightly  luminous  region  a.  These 
rts  constitute  the  flame-cone,  the  actual  area  of  combustion, 
ivelops  the  dark  region  d;  this,  as  already  stated,  consists 
nt  gas,  and  therefore  is  not,  strictly  speaking,  a  part  of  the 

supply  of  gas  to  a  flame,  burning  as  represei\led  m  T'\%,  ?Oi 
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be  dinuDished,  or  if  air  be  slowly  admitted  to  the  interior,  ibe  8m 
will  shrink  down,  and  the  luminous  area  become  less  and  k^ 
until  it  finally  disappears  altogether.  The  flame-cone  will  thall 
found  to  consist  of  two  parts,  Fesembling-  in  structure  the  dodli 
cone  of  the  ammonia  flame.  Fig.  78.  The  blue  region  c,  Fig.ftf 
which  is  only  fragmentary  in  the  flame  as  there  represented,  «l 
have  become  continuous,  and  now  constitutes  the  inner  coMi 
while  the  mantle  b  forms  the  outer  cone,  the  flame  preseotioslli 
appearance  seen  in  Fig.  81.  The  region  d,  as  before,  consstsd 
unburnt  gas. 

It  has  been  shown,  in  the  case  of  coal  gas  flames  burning  in  tUi 

manner,  that  in  the  inner  cone  c,  the  changes  going  on  mdl 

mainly  in  the  formation  of  carbon  monoxide  and  water,  togttki 

with  small  quantities  of  carbon  dioxide  nd 

hydrogen ;  and  that  in  the  outer  oone,  ■ 

mantle,  the  carbon  monoxide  and  hydraga 

are  burning  [o  carbon  dioxide  and  mu 

In  the  inner  cone,  therefore,  the  caiboo  i 

burnt  to  its  first  stage  of  oxidation,  andt 

portion  of  the  hydrogen  is  oxidised  to  waM 

in  the  outer  cone,  the  second  stage  of  oi 

Fig.  tL  dation  of  the  carbon  takes  place  by  the  con 

bustion  of  the  carbon  monoxide  to  caiba 

dioxide,  and  the  hydrogen  which  escapes  combustion  in  the  inne 

cone  is  also  burnt. 

It  has  been  known  since  the  time  of  Dalton,  that  when  ceiiaii 
hydrocarbons  are  burnt  with  an  insuflicient  amount  of  oxygen  lix 
the  complete  oxidation  of  both  the  hydrogen  and  carbon,  carixN 
monoxide,  water,  and  hydrogen  are  priKiuced.  This  result  is  pn 
bably  due  to  a  secondary  reaction  ;  the  first  stage  being  the  cam- 
bustion  of  hydrogen  to  form  water,  which  at  the  high  temperaiim 
b  then  decomposed,  either  by  the  carbon,  or  the  hydrocarboBSi 
according  to  the  following  equations — 

CH«  +  0,  =  2H,0  +  C  =  CO  +  H,  +  H^ 
CjHj  +  0»  =  2H,0  +  2C  =  2CO  +  2H» 

The  various  parts  of  an  ordinary  gas  or  candle  flame,  therefoiti 
are  due  to  the  diflerenl  chemical  reactions  that  are  taking  place  in 
these  areas  ;  these  changes  are  not  of  such  a  nature  that  they  a» 
in  all  cases  be  perfectly  traced,  neither  is  one  set  of  leacttott 
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csJasHrely  confined  to  each  area,  but  rather  is  it  the  case  that 
CBtain  chemical  actions  predominate  in  each  particular  part  of  the 


In  the  bhie  region  ^  Figs.  79  and  So,  the  main  reactions  going 
faward  are  those  already  indicated,  by  which  carbon  monoxide, 
Mer,  and  hydrogen  are  produced.  In  the  fiauntly  luminous 
■■ntle  ^,  carbon  monoxide  and  hydrogen  are  burning,  together 
with  small  quantities  of  hydrocarbons  which  may  have  escaped 
eombnstion  and  decomposition  in  the  luminous  region.  The  non- 
knninous  character  of  this  mantle,  is  due  to  the  cooling  effect  of  the 
vr  which  is  drawn  into  the  flame,  and  which  even  extinguishes 
eombnstion  upon  the  outer  limits  of  the  flame  before  every  trace  of 
oombustible  material  is  burnt ;  for  it  has  been  shown  that  small 
cpiantities  of  carbon  monoxide,  marsh  gas,  and  even  hydrogen 
oaqie  imbumt  from  a  gas  flame. 

The  diemical  decompositions  which  go  on  in  the  luminous  area 
cuiDot  be  said  to  have  been  thoroughly  established.  It  has  been 
shown  that  very  early  in  its  passage  up  the  flame,  a  certain  amount 
of  the  marsh  gas  and  ethylene  present  is  converted  into  acetylene, 
die  diange  taking  place  as  the  result  of  heat  alone.  The  gases 
ascending  the  dark  region  ^are  surrounded  on  all  sides  by  a  wall 
of  homing  material,  and  are  thereby  raised  in  temperature  to  the 
point  at  which  the  marsh  gas  and  ethylene  suffer  decomposition 
into  acetylene  and  hydrogen — 

2CH4  ^  ^^s  *^  3H|. 

The  following  table  (Lewes)  shows  the  gradual  development  of 
acetylene  in  such  a  flame : — 

Total  Unsaturated  A^f«i.«» 

Hydrocarbons.  Acetylene 

Per  Cent.  Per  Cent. 


Gas  in  burner      ....    4.38  0.035 

\  inch  above  rim  of  burner 
i^  inches  above  rim    . 
Tip  of  dark  region 


Centre  of  luminous  area 
Tip  of  luminous  area  . 


4.00  0.340 

1.53  0.560 


1.98  1.410 

0.45  0.045 

0.00  0.00 


Therefore,  by  the  time  the  gases  have  reached  the  tip  of  the  dark 
region,  the  effect  of  heat  upon  them  has  been  to  raise  the  amount 
of  acetylene  to  over  70  per  cent,  of  the  total  unsaturated  hydro-    ■ 
caibons  present.    As  the  acetylene  and  other  hydrocarbons  pass 
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on  through  the  flame,  along  with  steam,  caibon  dioxide,  and 
carbon  monoxide,  other  and  more  complex  changes  go  on,  wheiefaf 
denser  hydrocarbons  are  formed,  and  carbon  itself  is  predpitated 
The  formation  of  acetylene  in  that  region  of  the  flame  where  the 
coal  gas  is  in  excess,  is  well  exemplified  in  the  case  of  air  buning 
in  an  atmosphere  of  coal  gas  (see  Fig.  71).  In  this  flame,  the  air 
is  in  the  inside  and  the  coal  gas  upon  the  outside  ;  it  is,  in  efiect,aD 
ordinary  coal  gas  flame  turned  inside  out.  The  fonnation  of  aoetf- 
lene,  instead  of  taking  place  vntkin  the  flame  (in  which  case  it  has 
to  pass  through  the  heated  area,  and  is  thereby  decomposed^ 
takes  place  upon  the  outer  sur£Eice  or  periphery  of  the  flame,  and 
therefore  largely  escapes  combustion  and  decomposition,  and  pasaes 
away  into  the  coal  gas  atmosphere.  (See  Acetylene,  where  this 
method  is  described  for  the  preparation  of  this  compound.) 

The  Oanae  of  Lnmlnoaity  In  Flainai.~Tbe  light-giving  propeity  of  a  Hudb 
is  not  due  to  the  operation  of  any  one  simple  cause.  It  was  at  one  time  sop* 
posed,  that  the  luminosity  of  a  flame  depended  solely  upon  the  presence  in  it 
of  suspended  solid  matter,  resulting  from  the  chemical  decompositioas  going 
on  during  combustion.  It  has  been  shown,  however,  that  this  general  stat^ 
ment  does  not  satisfy  all  cases,  as  there  are  a  number  of  highly  luminous 
flames  in  which,  from  the  known  properties  of  the  products  of  combastioD, 
there  cannot  possibly  be  any  solid  matter  present.  Thus,  for  exampk, 
phosphorus  burning  in  air  gives  a  flame  of  a  high  degree  of  luminosity ;  bat 
the  phosphorus  pentoxide  which  is  the  product  of  combustion,  although  solid 
at  ordinary  temperatures,  is  volatile  at  a  temperature  far  below  that  of  the 
flame.  The  same  may  be  said  of  the  luminous  flame  of  arsenic  burning  io 
oxygen,  where  the  still  more  volatile  arsenious  oxide  is  the  product 

When  carbon  disulphide  biuns  in  oxygen  or  in  nitric  oxide,  a  well-known  and 
intensely  luminous  flame  is  obtained,  in  which  only  gaseous  products  of  com- 
bustion can  be  present ;  and,  lastly,  the  flame  of  hydrogen  burning  in  oxygen, 
can  be  made  under  certain  circumsUinces  to  emit  a  bright  light :  thus,  wha  a 
mixture  of  these  gases  is  ignited  in  a  closed  eudiometer,  their  combustion  is 
attended  with  a  brilliant  flash  of  light,  the  only  product  being  water. 

There  are  three  causes  which  may  operate,  either  separately  or  together,  in 
imparting  luminosity  to  a  flame,  or  in  increasing  its  light-giving  power :  these 
are — i.  The  temperature  of  the  flame,  s.  The  density  of  the  flame  gases,  and 
3.  The  introduction  into  the  flame  of  solid  matter.  These  three  causes  will 
be  treated  separately,  and  illustrations  given,  which,  so  far  as  our  knowledjie 
extends,  can  be  directly  traced  to  the  independent  operation  of  eadL 

I.  The  effect  of  temperature. 

(a.)  Upon  flames  in  which  solid  matter  is  known  to  be  absent 

When  phosphorus  is  introduced  into  chlorine,  it  spontaneously  inflames  and 
burns  with  a  flame  of  such  extremely  feeble  luminosity  that  it  may  be  r^arded 
as  non-luminous ;  if,  however,  the  chlorine  be  previously  strongly  heated  bjr 
being  passed  through  a  red  hot  tube,  and  the  phosphorus  be  boiling  when  it 
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in  contact  with  the  gas,  the  combustioii  thus  started  upon  a  higher 
of  temperature  is  accompanied  by  a  flame  of  very  considerable 


Tte  ilame  of  cwbon  disnlphide  burning  in  air  emits  but  a  feeble  light ;  but 
this  substance  boms  in  pure  oxygen,  its  temperature  of  combustion  is 
raised,  and  the  hmiinosity  of  the  flame  is  enormously  increased. 
Fhoqiboretted  hydrogen  burning  in  air  gives  a  flame  of  considerable  lumi- 
';  but  when  thb  flame  is  fed  with  pure  oxygen,  and  its  temperature 
1,  it  becomes  intensely  luminous. 
(/i)  Upon  flames  in  which  solid  matter  is  known  to  be  present 
The  flames  produced  by  the  combustion  of  zinc  or  magnesium  in  the  air, 
■d  m  wfaidi  the  solid  oxides  are  present,  have  their  luminosity  greatly  in- 
otueJ  when  pure  oxygen  is  substituted  for  air,  and  the  temperature  of  com- 
taoMioo  thereby  augmented. 

The  Mme  resoh  is  seen  in  the  case  of  flames  in  which  the  solid  matter  is 
anifiGiany  introduced,  as  in  the  familiar  Welsbach  burner,  where  a  solid  gauze 
■iinllr.  composed  of  an  alkaline  earth,  is  placed  in  the  flame-cone  of  a  non- 
gas  flame,  thereby  rendering  it  luminous.  If  the  temperature  of 
be  augmented  by  feeding  it  with  oxygen,  the  light  emitted  by  the 
bomdesoent  sdHd  is  greatly  increased. 

(7.)  Upon  flames  in  which  solid  matter  is  believed  to  be  present,  such  as 
cndle,  gas.  and  other  hydrocarbon  flames. 

When  m  candle  or  gas  flame  is  introduced  into  oxygen,  although  it  shrinks 
in  siie,  its  luminosity  is  increased.  It  has  also  been  shown  that  when  a  coal 
pa  flame  is  chilled,  by  causing  it  to  spread  against  a  cold  surface,  its  luminosity 
is  iBniinf«**^*^  or  destroyed  altogether ;  and,  conversely,  if  the  gas  and  the  air 
npplying  the  flame  be  strongly  heated  before  combustion,  the  luminosity  is 
gmoly  increased.  In  this  case,  however,  the  direct  efliect  of  change  of  tem- 
pentnre  is  complicated  by  the  decompositions  going  on  in  the  flame ;  for,  as 
drauiy  mentiooed.  the  conversion  of  the  non-illuminating  marsh  gas  into  the 
higMy  inmninating  gas  acetylene,  is  a  function  of  the  temperature. 

The  increase  of  light  obtained  from  a  gas  flame  by  previously  heating  the 
gu  and  air.  is  the  principle  underlying  all  the  so-called  recuperative  burners. 

It  is  evident,  therefore,  that  most  flames  gain  luminosity  by  having  their 
temperature  raised.  There  are,  however,  cases  in  which  increase  of  temp>era- 
tore  aHone  appears  to  exert  no  influence  upon  the  luminosity.  'Ilie  flame  of 
hydrogen,  for  example,  which  is  practically  non-limiinous  when  burning  in 
air,  does  not  become  more  luminous  when  burnt  in  oxygen,  although  its 
lenpenture  is  greatly  increased. 
%.  The  influence  of  the  density  of  the  flame  gases. 

It  has  been  shown  by  Frankland  *  that  the  luminosity  of  flame  is  intimately 
awociated  with  the  pressure  to  which  it  is  subjected,  or  with  the  density  of  the 
flame  gases.  Thus,  it  is  found  that  a  gas  or  candle  flame,  when  burnt  either 
at  lugh  altitudes,  or  in  artificially  rarefied  atmospheres,  has  its  luminosity 
patly  redoced  ;  and,  fer  contra^  when  caused  to  burn  under  increased  pres- 
aae,  the  luminosity  is  increased.  In  the  case  of  hydrocarbons,  complication 
arixs  from  the  fact,  that  the  temperature  of  the  flame  is  changed  by  alterations 

*  PhiL  Trans.,  voL  cU.  p.  629;  Proa  Royal  Society,  vol.  xvi.  p.  419. 


Inorganic  Chemistry 


dT  pnsnire;  Under  dlininished  pressure  the  temperatDre  (Uli,  anA  aUbo^ 
there  is  less  loss  of  beat  by  radintion  In  ranfied  air.  than  in  air  al  the  iiiiliiB| 
pressure,  it  is  possible  that  the  general  lowering  of  the  teroperUnre  cf  tti 
flkme,  may  modify  the  cbemical  dccoiDposilians  in  the  direction  alreidf  » 
feired  ta 

Flames  Other  than  those  of  hydrocarbons,  however,  and  ia  irhidt  no  MB 
mailer  can  exist,  are  found  to  beeome  luminous  when  the  densilf  of  the  flmi 
gas  ii  Increased  by  pressure.  Thus,  the  Same  of  carbon  moooride  in  exfpi 
at  ordinary  pressures,  emits  a  moderate  light :  but  when  exposed  to  ■  praiB 
of  two  atmospheres  the  luni  inosity  is  greatly  increased.  Evea  the  iim  liiiiiiiiiB 
flame  of  hytjiogen  burning  in  oiygen,  becomes  luminous  under  a  picslunof 
two  atmospheres,  and  wlien  eininincd  by  the  spectroscope  is  found  to ,  ' 


Frc,  83. 


Fio,  83. 


IS  spectrum.  It  has  been  found,  as  a  generni  rule,  that  dense  gasis 
And  vLipours,  when  healed,  become  incandescent,  or  luminonx.  at  much  lown 
temperatures  than  those  of  low  specific  gravity  ;  thus,  if  ditferent  gasei  be 
raised  10  incandescence  by  the  passage  through  Ihem  of  electric  sparks,  unda 
similar  conditions,  it  is  ^een  that  the  light  emitted  by  the  gloving  vapour, 
varies  with  the  density  of  the  gas.  The  luminosity  of  glowing  oxygen  (dendty. 
15.96)  is  greatly  superior  to  that  of  hydrogen  (density,  i),  while  the  light  anilled 
when  the  sparks  are  passed  through  chlorine  (density,  35.5)  is  consideiaUy  in 
advance  of  either.  And  it  is  found  that  in  one  and  the  same  gas,  the  luminosity 
of  the  spark  increases  as  the  density  is  incri^aiert  by  artificial  compression. 
Other  things  being  equal,  it  may  !«  said  that  the  denser  the  vspotm  which  IR 
present,  the  more  luminous  is  the  flame. 
3.  The  introduction  of  solid  mailer  into  flnmes. 
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JfcD-hminons  flanei  may  be  rmdered  luminoua  by  the  intenlionnl  inlroduc- 
ia  jBU  them  of  aoUd  matier,  which,  bj  being  niud  to  &  sufficiently  high 
tapErttoRi  will  baoome  RroDgly  inc&n  descent  Thus,  the  ordinary  lime- 
%ll  iwii  iu  liMllTf^t'ty  lo  the  ineuidescence  oT  the  fragment  of  lime.  Hrbich 
fe  naed  lo  m  bright  wtdte  best  by  the  high  temperature  of  the  non-luminous 
The  Cme  ii  not  vaporised  ai  the  Icmpenlure  of  the 
;  entiielr  doe  to  the  glowing  solid  iniiller. 
"Webbacb"  faatner,  alraadyTefened  lo,  ii  another  example  of  the  same 
'  1  ease  being  due  lo  the  [ntroduclion  into  an 
m  flame,  of  a  fine  gauze  mantle  made  of  alumina 
le  (Hg.  Ba).  When  such  a  mantle  is  raised  to  incandes- 
iBcr  bf  the  heat  of  the  gu  flame,  it  emits  a  bright  white  light,  strongly 
tiLn^  dim  of  an  orLlinaiy  Argand  gas  flame.  A  flame  may  also  be 
'  ;  intmtioDal  precipitation  wilhin  it  of  carbon,  which, 
nbudum,  produces  a  high  degree  ofluminosity:  thus, 
H  qnuvtHy  of  alcohol  be  boiled  in  a  flask,  and  a  jet  from  which  chlorine 
d  thimigfa  the  burning  vapour  into  tbe  flasli.  as  shown 
vill  bun  in  the  alcohol  vapour  with  a  luminous  flame : 
pilsl«d  carbon  (which  li  thrown  out  of  combinaiion  by  the  action 
"  tending  Into  the  previously  non-luminous 
M  will  render  il  btl^tly  luminous. 

E  con^derations  it  will  be  evident  that  the  luminodty  of  a  flame 

I,  fim.  to  the  prEseikce  of  vapours  sufbdently  dense  lo  become 

lire  of  ihe  flame :  or.  second,  to  the  piesenoe  of 

eithei  by  the  heal  of  the  flame  gases  alone,  or 

1  combustion  ;   or,  third,  from  tbe  simultaneous 

...B  of  >U  these  tiiiuBci.  Ordinary  gas  and  candle  flames  come  under 
Itof  these  beads,  Tbe  decompositions  thai  go  forward  in  these  flames, 
«  la  deii^e  vapours  which  become  incandescent,  bul  also  to 
of  srilid  carbon,  whidi  by  ils  ignition  and  combustion  adds 
of  ibelt.irae. 
VM  Ibuho  Flame, —  Ihc  construction  of  (be  Bunsen  lamp  is  too  weU 
tMBB  W  noed  daoipiion.  Tbe  gas,  issuing  from  a  small  jet  situated  al  llie 
bMccf  •■■etal  tube,  and  miiing  with  air  which  is  drawn  in  through  openings  in 
the  tube,  faunu  at  tbe  top  of  the  ctdmney  with  the  familiar  non-luminous  flame. 
Tbe  eiinenoe  of  thu  flame  in  its  ordinary  condition  depends  upon  two  mnin 
aiB^i  fint,  upon  tbe  fact  thai  in  the  immediate  neighbourhood  of  a  jet  of 
gu  iaaiing  from  a  small  orifice,  there  is  a  reduction  of  pressure :  and,  second, 
■pa  ibe  relation  between  the  velocity  at  which  tbe  gases  pass  up  Ihe  lube, 
ud  the  rale  of  propagation  of  combustion  in  Ihe  mtilurc  of  air  and  co»I  gns- 
Upon  itic  lirsl  of  these  causes  depends  the  entrance  of  air  into  the  "  air-holes" 
If  the  lamp,  and  upon  the  second  depends  the  continiuuice  of  the  flame  in  iis 
foutinn  upon  tbe  lap  of  the  tube. 

As  the  coal  gai  issues  from  the  small  jet  at  the  base  of  the  chimney,  instead 
"dbe  gas  eacairing  through  the  side-holes,  air  is  drawn  into  the  lube  by  virtue 
tflbe  reduced  pfiasure  produced  immedialely  round  Ihe  jet.  That  Ihisareaof 
nAiecd  pmsun  actually  exists  in  the  neighbourhood  of  Ihe  jet  of  a  Bunsen, 
mi  be  proved  by  attaching  a  delicate  nianomeier  to  ihe  air-hole  of  such  a 
bnpiU  shown  in  Fig.  B4.     As  the  gas  is  turned  on,  tbe  liquid  in  the  hociionlal 
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tube  vrill  be  sucked  towards  the  lamp,  showiog  that  the  bsnifig  gas  canes  a 
partial  vacuum  in  its  immediate  ndghbonrfaood.* 

In  order  that  the  flame  shall  remain  at  the  top  of  the  tnbea  there  nmt  bet 
certain  relation  between  the  velocity  of  the  issuing  gases,  and  the  rate  of  pro- 
pagation of  combustion  in  the  mixture;  for  if  the  latter  be  greater  than  the 
former,  the  flame  will  travel  down  the  tube  and  ignite  the  gms  at  the  jet  bdov. 
By  gradually  reducing  the  supply  of  gas  to  the  flame,  and  so  altering  the  pro- 
portion of  gas  and  air  ascending  the  tube,  the  mixture  becomes  more  and 
more  explosive,  until  a  point  is  reached  when  the  velocity  of  inflammation  ii 
greater  than  the  rate  of  efflux  of  the  gases,  and  the  flame  travels  down  the  tnbe. 
and  the  fomiliar  effect  of  the  flame  "  strildng  down  "  is  obtained. 

The  same  result  may  be  brought  about,  and  the  efifect  more  closely  observed, 
by  extending  the  chimney  of  the  lamp  by  means  of  a  wide  glass  tube.    As  the 
supply  of  gas  is  reduced,  or  the  quantity  of  air  introduced  is  increased,  the 
flame  will  be  seen  to  shrink  in  sire  and  finally  descend  the  tube.    By  adjust- 
ment it  may  be  caused  either  to  ex- 
plode rapidly  down  the  tube,  or  to 
travel  quite  adowly,  or  even  to  remain 
stationary  at  some  point  in  the  tnbe 
which  is  slightly oonstricted,and where, 
therefore,  the  flow  of  the  issuing  gas  is 
slightly  accelerated,  t 

The  non-luminosity  of  a  Bunsen 
flame  is  due  to  the  combined  operatioo 
of  three  causes,  namely,  oxidation, 
dilution,  and  cooling.  It  was  formerly 
supposed  that  the  destruction  of  the 
luminosity  of  a  gas  flame,  by  the 
admixture  of  air  with  the  gas  befoce 
burning,  was  entirely  owing  to  the 
influence  of  the  oxygen  in  bringing 
about  a  more  rapid  and  complete  state 
of  oxidation,  that  the  hydrocarbons 
were  at  once  completely  burnt  up  by  the  additional  supply  of  oxygen  so  pro- 
vided. It  has  been  shown,  however,  that  not  only  is  this  effect  brought  about 
by  air,  but  also  by  the  use  of  such  inert  gases  as  nitrogen,  carbon  dioxide,  and 
even  steam.  The  following  table  (Lewes)  shows  the  relative  volumes  of  various 
gases  that  are  required  to  destroy  the  luminosity  of  a  gas  flame  :— 

I  volume  of  coal  gas  requires  as  volumes  of  oxygen. 

X.36        ,,        carbon  dioxide. 
a.27        „        air. 
3.30         „        nitrogen. 
II  11  M  5-i<         M        carbon  monoxide. 

That  the  atmospheric  oxygen  etrocts  the  result  by  a  direct  oxidising  action, 
and  is  not  acting  merely  as  nitrogen  does,  is  proved  by  the  fiurt,  that  mixtures 
of  oxygen  and  nitrogen  containing  a  higher  proportion  of  oxygen  than  is 
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*  S<v  '•Chemical  I.«cturc  Experiments,"  480-484. 
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present  in  air,  destroy  the  luminosity  more  rapidly  than  ii  effected  by  air. 
Thus,  when  mixtures  containing  nitrogen  and  oxygen  in  the  proportion  of  3  to 
I,  2  to  I,  I  to  I  by  volume  are  employed,  the  volumes  of  the  mixtures  required 
to  destroy  the  luminosity  of  one  volume  of  coal  gas,  are  respectively  2.02, 1.49, 
and  i.oa 

It  has  been  shown  that  when  coal  gas  is  diluted  with  nitrogen,  a  higher 
temperature  is  necessary  to  effect  its  decomposition  ;  hence  the  action  of  the 
atmospheric  nitrogen  in  causing  the  loss  of  luminosity  of  a  gas  flame,  is  in  part 
due  to  the  higher  temperature  that  is  required  for  the  formation  of  acetylene, 
whidi.  as  already  mentioned,  is  the  first  step  in  the  decomposition  and  con- 
densation of  the  hydrocarbons  in  the  gas. 

As  already  mentioned,  the  luminosity  of  a  flame  is  very  much  influenced  by 
alterations  of  temperature ;  and  just  as  the  non-luminosity  'of  the  outer  mantle 
of  an  ordinary  flame,  is  partly  due  to  the  cooling  action  of  the  air  which  is 
dragged  into  the  flame  fh>m  the  outside,  so  the  want  of  luminosity  of  the 
Bunsen  flame,  is  in  part  due  to  the  cooling  influence  of  the  large  volume  of  air 
thsu  is  drawn  up  into  the  interior  of  the  flame.  That  the  gases  which  are 
drawn  into  a  flame  reduce  the  luminosity  by  virtue  of  their  cooling  action,  is 
borne  out  by  the  &ct,  that  the  higher  the  specific  heat  of  the  diluent  (and 
therefore  the  greater  its  power  to  abstract  heat  from  the  flame)  the  less  of 
it  is  required  to  effect  the  destruction  of  the  luminosity ;  thus,  as  already  men- 
tioned, less  carbon  dioxide  than  nitrogen  is  necessary  to  render  a  flame  non- 
himinous :  the  specific  heat  of  nitrogen  is  a  2370,  while  that  of  carbon  dioxide 
isa3307. 

The  spedflc  heat  of  oxygen  is  also  slightly  greater  than  that  of  nitrogen, 
being  aa405 ;  but  the  cooling  effect  of  dilution  with  this  gas,  is  enormously 
owrpoipered  by  the  increased  temperature  due  to  its  oxidising  action  upon 
the  combustible  materials  of  the  flame. 

Experiments  made  upon  the  actual  temperatures  of  various  regions  of  a 
Bunsen  flame,  rendered  non-luminous  by  admixture  with  different  gases,  the 
results  of  which  are  seen  in  the  following  table  (Lewes),  show  the  cooling  effect 
of  these  diluents  upon  the  flame : — 

Ttmperaturt  of  Flame  from  Bunsen  Burner,  burning  6  cubic  feet  of  Coal 

Gasper  Hour, 


Region  in  Flame 


\  inch  above  burner 
U  inch  above  burner 
Tip  of  inner  cone 
Coiire  of  outer  cone 
Tip  of  outer  cone 
Side  of  outer  oone.  level  with  tip  of 
inner  cone       .... 


I 


Flame  rendered  Non- 

Luminous 

luminous  by 

Flame. 

Air. 

Nitrogen. 

Carbon 
Dioxide. 

Degrees. 

Degrees. 

Degrees. 

Degrees. 

135 

54 

30 

35 

421 

175 

III 

70 

913 

1090 

444 

393 

1328 

»533 

t.99 

770 

728 

"75 

"51           951 

1236 

1333 

1236 

970     1 

\ 

\ 
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In  the  case  of  air,  it  will  be  seen  that  the  first  efifect  is  to  cool  the  flame; 
but  in  the  upper  region,  where  the  oxidising  action  of  the  oxygen  is  fdt,  the 
temperature  rapidly  rises  to  a  maximum  at  a  point  about  half  way  betweea 
the  tip  of  the  inner  and  outer  cones.  In  the  flames  rendered  non-hmunoa 
by  the  two  inert  gases,  the  highest  temperature  is  only  reached  at  the  outer 
limit,  where  the  full  amount  of  oxygen  for  combustion  is  obtained  from  the 
outer  atmosphere. 

On  account  of  the  wide  range  of  temperature  exhibited  by  the  varions 
regions  of  a  Bunsen  flame,  it  constitutes  a  most  valuable  analytical  instru- 
ment, for  by  the  judicious  use  of  the  different  parts  of  the  flame,  it  b  often 
possible  to  detect  the  presence  of  several  flame-colouring  substances  in  i 
mixture.  Thus,  if  a  mixture  of  sodium  and  potassium  salts  be  introdooed 
upon  platinum  wire  into  the  cooler  region  of  the  flame  near  its  base,  the  more 
volatile  potassimn  compound  will  impart  its  characteristic  violet  tint  to  the 
flame,  before  the  sodium  salt  is  volatilised  suflldently  to  mask  the  colour,  by 
the  strong  yellow  it  itself  gives  to  the  flame.  In  this  way  many  mixtures  may 
readily  be  differentiated. 

If  a  piece  of  copper  wire  be  held  horizontally  across  a  Bunsen  flame,  so  as 
to  cut  the  inner  cone,  it  will  be  seen  that  the  wire  in  contact  with  the  edges 
of  the  flame  becomes  coated  with  copper  oxide,  while  the  portion  in  the  centre 
remains  bright.  On  moving  the  wire  so  as  to  bring  the  oxidised  portion  into 
the  inner  region,  the  oxide  will  be  reduced,  the  metal  once  more  becoming 
bright.  The  outer  area  of  a  flame,  where  oxygen  is  in  excess,  is  called  the 
oxidising  flame :  while  the  inner  region,  in  which  heated  and  unbumt  hydro- 
gen or  hydrocarbons  exist,  is  spoken  of  as  the  reducing  flame.  These  rqpoos 
exist  in  all  ordinary  flames.  The  oxidising  action  of  the  outer  flame  of  i 
candle,  for  example,  is  illustrated  in  the  behaviour  of  the  wick.  So  long  as 
the  wick  remains  in  the  inner  region  of  the  flame  it  is  not  burnt ;  and  in  the 
early  days  of  candles,  as  the  tallow  gradually  consumed,  the  wick  remained 
standing  straight  up,  and  by  degrees  extended  into  the  luminous  area  of  the 
flame,  where,  owing  to  the  deposition  of  soot  upon  it,  it  frequently  developed 
a  cauliflower-like  accretion,  which  greatly  impaired  the  luminosity  of  the 
flame,  and  which  necessitated  the  use  of  snuffers.  In  the  modem  candle, 
owing  to  a  method  of  plaiting  the  wick,  it  is  caused  to  bend  over  (as  shown 
in  Fig.  79),  and  so  thrusts  its  point  into  the  oxidising  region,  where  it  is 
continually  burnt  away. 
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PART    III 

SYSTEMATIC  STUDY  OP  THE  ELEMENTS, 
BASED  UPON  THE  PEBIODIC  CLASSIFICA- 
TION. 


CHAPTER   I 

THB  ELEMENTS  OP  GROUP  VII.  (FAMILY  B,) 

Flnorine,  F       .  19.06     I      Bromine,  Br   .  79- 76 

Cblorine,  Q      .        .    35.37     I      Iodine,  I         .        .        .     126.54 

The  first  to  be  discovered,  and  the  most  important  element  of  the 
groups  is  chlorine,  which  is  a  constituent  of  sea  salt  (sodium 
chloride).  The  term  halogen^  signifying  sea  salt  producer,  has 
been  applied  to  this  ^Eunily  of  elements,  on  account  of  the  close 
resemblance  between  their  sodium  salts  and  sea  salt.  This  family 
exlubits,  in  a  marked  manner,  many  of  the  features  which  are 
found  to  exist  in  most  chemical  families  of  elements. 

In  their  general  behaviour  they  strongly  resemble  one  another, 
and  readily  displace  each  other  in  combinations  without  producing 
any  very  maiked  change  upon  the  character  of  the  compounds. 
They  each  unite  with  hydrogen,  giving  rise  respectively  to  hydro- 
iluoric  acid,  HF ;  hydrochloric  acid,  HCl ;  hydrobromic  acid, 
HBr ;  hydriodic  acid,  HI. 

These  hydrogen  compounds  are  all  colourless  gases,  which  fume 
strongly  in  the  air  ;  they  are  extremely  soluble  in  water,  and  are 
strongly  acid  in  character.  In  combination  with  potassium  and 
with  sodium,  the  halogens  form  a  series  of  compounds,  which  are 
similarly  constituted,  and  which  closely  resemble  each  other  in  their 
habits.  Their  similarity  of  composition  is  expressed  in  the  follow- 
ing formulae — 

Compounds  with  potassium,  KF,  KCl,  KBr,  KI. 

Compounds  with  sodium,  NaF,  NaCl,  NaBi,  ^2l\. 
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The  physical  properties  of  the  elements,  ezfaibit  a  r^^nlar  grada- 
tion with  increasing  atomic  weight ;  thus,  fluorine  and  chlorine  are 
gases,  bromine  is  liquid,  while  iodine  is  solid,  at  ordinary  tempera- 
tures. In  their  chemical  activity  they  also  show  the  same  gradnal 
change ;  thus,  in  the  case  of  their  combinabon  with  hydrogen, 
when  fluorine  and  hydrogen  are  brought  together,  comlnnation 
instantly  takes  place  with  e9cplosion,  even  in  the  dark.  Chlorine 
and  hydrogen  do  not  combine  in  the  dark,  but  in  diffused  daylight 
they  imite  slowly,  and  in  direct  sunlight  their  combination  takes 
place  suddenly  with  explosion. 

Bromine  vapour  and  hydrogen  do  not  combine  even  in  direct 
simlight,  but  a  mixture  of  the  two  gases  ignites  in  contact  widi  a 
flame,  yielding  hydrobromic  acid,  while  iodine  vapour  and  hydro- 
gen require  to  be  strongly  heated  in  contact  with  spongy  platinum 
to  effect  their  combination.  This  difference  in  the  activity  of  the 
halogens  towards  hydrogen,  is  seen  by  a  comparison  of  the  heats  of 
formation  of  their  hydrogen  compounds,  thus — 

H  +  CI  =  HCl  +  22,oco  cal.  (Thomsen). 
H  +  Br  =  HBr  +    8,440   „    ♦ 
H  +  I     =  HI     -    6,040   „    t 

The  heat  of  formation  of  hydrofluoric  acid  has  not  yet  been 
determined,  but  there  can  be  no  doubt  that  it  is  considerably 
greater  than  that  of  hydrochloric  acid. 

Although  a  strong  resemblance  exists  between  all  the  members 
of  the  halogen  family,  the  element  fluorine,  which  is  the  /ypical 
member  (see  p.  100),  stands  marked  off  from  the  others  in  many  of 
its  attributes.  Thus  fluorine  exhibits  a  great  tendency  to  form 
double  salts  which  have  no  counterpart  among  the  compounds  of 
the  other  elements  of  the  family,  and  at  temperatures  below  32', 
the  molecule  of  hydrofluoric  acid  consists  of  two  atoms  of  hydrogen 
and  two  of  fluorine,  having  the  composition  HjF^. 

FLUOBINE. 

Symbol,  F.    Atomic  weight  =  19.06. 

History. — This  element,  the  first  of  the  halogen  series,  was  the 
most  recent  to  be  discovered,  it  having  bafHed  all  attempts  to 

*  This  value  refers  to  bromine  in  the  liquid  state, 
f  Iodine  as  solid. 


Fluorine  309 

isolate  it  until  the  year  1886,  when  Moissan  succeeded  in  solving 
the  problem. 

Oeeurrenee. — Fluorine  occurs  in  considerable  quantities  in  com- 
bination with  calcium  in  the  mineral  Jluor  spar  (CaF^),  which  is 
found  in  cubical  crystals.  On  account  of  the  occurrence  of  this 
nuneral  in  large  quantities  in  Derbyshire  it  is  frequently  termed 
Derbyshire  sfiar.  It  is  a  constituent  also  oicryoliUy  l^^L^P^Y^fluor- 
apatite^  dPsOgCas^CaFj,  and  many  others.  In  small  quantities 
fluorine  is  found  in  bones,  in  the  enamel  of  teeth,  and  also  in 
certain  mineral  waters. 

Mode  of  FonnatlOlL — When  an  electric  current  is  passed  into 
an  aq[oeous  solution  of  hydrochloric  acid,  the  acid  is  decomposed 
into  its  elements,  chlorine  being  liberated  at  the  positive  electrode, 
while  hydrogen  is  evolved  at  the  negative.  When  aqueous  hydro- 
fluoric add  is  treated  in  the  same  way,  the  water  only  is  decom- 
'  posed,  oxygen  and  hydrogen  being  liberated.  Davy  found  that  the 
more  nearly  the  acid  approached  the  anhydrous  condition,  the  less 
easily  did  it  conduct  electricity;  and  that  in  the  perfectly  pure 
state,  that  is,  entirely  free  from  water,  hydrofluoric  acid  was  a  non- 
conductor. Moissan's  recent  success  in  the  isolation  of  fluorine, 
depends  upon  the  discovery  that  a  solution  of  the  acid  potassium 
fluoride,  HF,KF,  in  anhydrous  hydrofluoric  acid  is  an  electrolyte, 
and  that  by  the  passage  of  an  electric  current  through  this  solution, 
fluorine  is  disengaged  at  the  anode,  or  positive  electrode,  and 
hydrogen  is  evolved  at  the  cathode. 

The  primary  decomposition  taking  place  is  the  breaking  up  of 
the  add  potassium  fluoride— 

HF,KF  =  F,  -h  H  -h  K. 

The  atom  of  potassium,  in  contact  with  the  free  hydrofluoric  acid 
present,  is  then  converted  into  potassium  fluoride  with  the  elimina- 
tion of  an  equivalent  of  hydrogen — 

K  +  HF  =  KF  +  H. 

And  the  normal  potassium  fluoride  then  unites  with  a  molecule 
of  the  acid,  to  regenerate  the  acid  salt — 

KF  +  HF  =  HF,KF. 

The  reaction  is  performed  in  a  U-tube  made  of  an  alloy  of 
platinum  and  iridium^  a  matenal  which  is  less  acted  upou  \^^  \)ci^ 


/ 
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liberated  fluorine  than  platinum  alone.  The  appamtas  has  two 
side-tubes  (Fig.  85),  which  can  be  either  dosed  inth  a  screw  cap,Q 
or  connected  to  platinum  delivery  tubes  by  means  of  the  muan 
D.  The  two  limbs  of  the  tube  are  closed  by  means  of  stoppen 
made  of  fluor  spar,  shown  in  section  at  S,  and  which  can  be 
securely  screwed  into  the  tube.  These  serve  to  insulate  the  elec- 
trodes, which  are  constructed  of  the  same  platinum-indium  allojr. 
They  are  made  thick  at  the  ends,  as  seen  in  the  figure,  for  even 
this  alloy  is  soon  acted  upon  by  the  fluorine  as  it  is  evolved  at 
the  anode.  The  anhydrous  hydrofluoric  acid  is  introduced  into 
the  apparatus,  and  about  35  per  cenL  of  its  weight  of  the  acid 
potassium  fluoride  is  added, 
which  readily  dissolves  in  the 
liquid.  As  hydrofluoric  add  is  , 
nn  extremely  volatile  liquid 
(boiling  at  r9.4),  it  is  neceasaiy 
that  the  platinum  apparatus 
containing  it  should  be  anifi- 
■^  cially  cooled ;  for  this  purpose 
it  is  immersed  in  a  glass  vessel 
containing  methyl  chloride,  M 
(Fig.  86).  The  boiling-point  ol 
this  liquid  is  —  23*,  but  by  con- 
necting the  tube  C  to  an  asfu- 
rator,  and  causing  a  current  of 
air  to  circulate  through  the  appa- 
ratus, the  temperature  of  the 
liquid  may  be  lowered  to  -40^ 
or  -  50°,  The  methyl  chloride 
is  continuously  replenished  from 
the  reservoir  B.  In  order  to  prevent  the  deposition  of  moisture 
upon  the  glass  vessel  M,  it  is  placed  within  the  glass  jar  a,  contain- 
ing a  few  lumps  of  calcium  chloride  in  order  to  dry  the  contained 
air.  On  passing  a  current  from  10  to  25  Grove's  cells  through 
the  apparatus,  fluorine  is  evolved  at  the  positive  electrode,  and 
hydrogen  is  liberated  at  the  negative.* 

Properties.— Fluorine  is,  of  all  known  elements,  the  most 
chemically  active.    It  is  on  account  of  its  intense  chemical  affinities 

•  Fluorine  has  recently  been  obtained  by  Brauner  (June  1894)  by  heatinE 
polassium  fluorplumbaw,  3KF,HF,PbF,.  At  300°  this  salt  gives  off  hydra 
fli«)ricacid,  HF,  and  when  healed  to  ajo''-igi°  fluorine  isevolred. 
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that  it  so  long  resisted  all  attempts  to  isolate  it,  as  when  libe- 
rated from  comUaation  it  instantly  combined  with  the  materials 
<£  the  vessels  in  vhich  the  reactions  are  made.  It  is  impossible 
to  collect  this  gas  by  any  of  the  usual  methods,  for  it  decomposes 
water,  and  instantly  combines  with  mercury.  It  also  attacks  glass, 
so  that  it  can  only  be  collected  by  displacement  of  air,  in  vessels  of 
platinnm.  Fluorine  appean  to  be  a  colourless  gas,  judged  by  the 
small  volume  of  it  that  can  be  viewed  at  once.  The  smell  of  Che 
fjas  i(  very  characteristic,  it  is  irritating  to  the  mucous  membranes, 
and  is  not  unlike  the  odour  of  the  mixture  of  chlorine  and  chlorine 


monoxide,  evolved  from  potassium  chlorate  and  hydrochloric  acid; 
Whether  the  smell  actually  perceived  is  the  true  smell  of  fluorine 
is  doubtful,  for  when  fluorine  comes  into  contact  witli  the  moisture 
in  the  nostrils,  water  is  decomposed,  with  the  formation  of  ozonised 
oxygen  and  hydrofluoric  acid. 

Fluorine  not  only  decomposes  potassium  iodide,  with  liberation 
of  iodine,  but  also  displaces  chlorine  from  sodium  chloride. 

It  combines  direaly  with  a  large  number  of  elements  with  in- 
tense energy ;  in  contact  with  hydrogen  it  instan'\^  cx.\i\t)4t^. 
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Iodine,  sulphur,  and  phosphorus  first  melt,  and  then  take  fire  'm 
fluorine.  Crystals  of  silicon  when  brought  into  the  gas,  spontane* 
ously  inflame,  and  bum  with  brilliancy.  All  of  the  metals  are  acted 
upon  by  fluorine ;  some,  when  finely  divided,  undergoing  spon- 
taneous inflammation  when  thrown  into  the  gas.  Even  gold  and 
platinum  are  attacked  by  fluorine,  especially  if  gently  wamied; 
its  action  upon  the  latter  metal  being  seen  by  the  corrosion  of  the 
apparatus,  and  especially  the  positive  electrode  employed  in  its 
preparation. 

Organic  compounds  are  attacked  by  fluorine  with  violence,  and 
often  inflamed. 

HTBBOFLUOSIC  ACID. 

Formula,  HjF]  and  HE.     Molecular  weight,  40  and  aa     Density,  ao  and  xa 

Modes  of  Formation. — (i.)  Hydrofluoric  acid  is  produced  when 
powdered  calcium  fluoride  (fluor  spar)  is  acted  upon  by  strong 
sulphuric  acid — 

CaFj  +  H2SO4  =  CaS04  +  2HF. 

This  method  is  employed  for  the  commercial  preparation  of 
aqueous  solutions  of  hydrofluoric  acid.  The  mixture  of  fluor  spar 
and  sulphuric  acid  is  gently  warmed  in  a  leaden  retort,  and  the 
gaseous  acid  passed  into  water  contained  in  leaden  bottles.  This 
aqueous  acid  is  sent  into  the  market  in  gutta-percha  bottles. 

(2.)  The  anhydrous  acid  is  prepared  by  heating  hydrogen  potas- 
sium fluoride  (acid  potassium  fluoride)  in  a  platinum  retort.  The 
double  fluoride  of  potassium  and  hydrogen,  splits  up  into  normal 
potassium  fluoride,  and  hydrofluoric  acid — 

HF,KF  =  KF  +  HF. 

For  this  purpose  the  perfectly  dry  double  fluoride  is  placed  in 
a  platinum  retort,  which  is  screwed  to  a  platinum  condensing 
arrangement,  as  seen  in  Fig.  87.  The  wooden  trough  through 
which  the  long  tube  passes  is  filled  with  a  freezing  mixture,  and 
the  platinum  bottle  is  also  surrounded  by  a  similar  mixture. 

Properties. — Anhydrous  hydrofluoric  acid  is  a  colourless, 
limpid,  strongly  fuming  liquid,  which  boils  at  19.5°.  It  has  a 
powerful  affinity  for  water,  and  can  only  be  preserved  in  perfectly 
stoppered  platinum  vessels,  which  are  kept  in  a  cool  place.  The 
acid  at  once  attacks  gutta-percha.  Gore  found  that  the  anhydrous 
acid  was  without  action  upon  glass. 
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ore  hydrofiuoric  acid  u  an  extremely  dangerous  substance  to 

lipnlate ;  its  vapour,  even  when  diluted  with  air,  has  a  most 

ating  and  injurious  eflect  upon  the  respiratory  organs,  and  if 

lied  in  the  pure  state  causes  death. 

.  single  drop  of  the  liquid  upon  the  skin,  causes  the  most  painful 

Tated  sores,  accompanied  by  distressing  aching  pains  through- 

the  whole  body.    The  metals  potasuum  and  sodium  dissolve  in 

;  hydrofluoric  acid,  with  the  formation  of  fluorides  and  evolution 

ydrogen. 

he  vapour  density  of  hydrofluoric  acid  at  a  temperature  of  32% 

csponds  to  the  formula  H,Fr    As  the  temperature  is  raised, 


ledensity  of  the  vapour  fells  steadily,  until  at  88°  it  is  10,  a  density 
■hich  is  normal  for  the  fbnnula  H  F.  The  composition  of  this  com- 
flund,  therefore,  as  ordinarily  seen,  is  probably  represented  by  the 
lunula  H]Fg  the  molecules  of  which  undergo  dissociation  when 
tie  tempeiature  rises,  until  at  S8'  the  substance  consists  entirely 
f  the  simpler  molecules  HF. 

Gaseous  hydrofluoric  acid  rapidly  attacks  glass,  and  it  is  largely 
tiployed  for  etching  purposes,  both  for  obtaining  designs  upon 
lass,  and  for  the  purpose  of  etching  graduations  upon  glass  mea- 
uring  instruments.  The  object  to  be  etched,  is  first  coated  with 
'u,  and  the  design  or  other  marks  cut  upon  the  wax  b^  m«an^  ot 
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a  pointed  steel  tool  In  this  way  the  surface  6f  the  glass  is  Ul 
bare  in  parts,  and  on  exposing  the  object  to  the  action  of  the  ad^ 
either  as  gas  or  aqueous  solution,  the  glafs  is  rapidly  eaten  im^ 
where  the  surface  has  been  exposed.  Its  acticn^ilpon  glass  ii 
due  to  the  readiness  with  which  it  attacks  silicates,  thd  flnoriflS 
combining  with  the  silicon  to  form  silicon, tetrafluoride— 

SiO,  +  4HF  -  2H,0  +  SiF4. 

Hydrofluoric  acid  is  extremely  soluble  in  water,  forming  i 
strongly  acid  corrosive  liquid,  which  readily  dissolves  many  of 
the  metals  with  evolution  of  hydrogen — 

Fe  +  2HF  =  FeF,  +  H,. 

Silver  and  copper  are  also  dissolved  by  this  acid. 
The  fluorides  of*  the  alkaline  metals  and  of  silver  are  soloUc 
in  water. 

CHLORINE. 

Symbol,  CL    Atomic  weight,  35.37.     Molecular  weight.  7a 74. 

History. — Chlorine  was  discovered  by  Scheele  (1774),  but  wai 
regarded  by  him  as  a  compound  substance.  He  applied  to  it  th< 
name  of  dephlogisticated  marine  acid  tdr^  having  obtained  it  bj 
the  action  of  hydrochloric  acid  upon  ores  of  manganese.  TTm 
belief  that  chlorine  was  a  compound  of  oxygen  and  hydrochlorii 
acid,  was  generally  held  until  Davy's  time,  and  gave  rise  to  tlM 
name  of  oxy muriatic  acid* 

The  elementary  nature  of  chlorine  was  proved  by  Davy  (1810) 
who  gave  to  it  the  name  chlorine^  in  allusion  to  the  greenish-ycllcw 
colour  of  the  gas. 

Occurrence. — In  the  uncombined  condition  chlorine  does  no< 
occur  in  nature.  In  combination  with  metals,  as  chlorides,  chlorine 
is  very  abundant,  the  commonest  chloride  being  sodium  chloride 
(common  salt). 

Many  of  the  salts  found  in  the  Stassfurt  deposits,  consist  largely 
of  chlorides  (see  Alkali  Metals).  Chlorides  of  the  alkali  metals 
are  also  found  in  animal  secretions  and  in  certain  plants.  Chlorine 
occurs  in  combination  with  hydrogen,  as  hydrochloric  acid,  in 
volcanic  gases,  and  also  in  the  gastric  juice. 

Modes  of  Formation. — (i.)  When  hydrochloric  acid  is  poured 
^ipon  manganese  dioxide,,  atvd  U\«  mixture  ke^t  cool^  a  dark-brown 
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a  slight'  rise  of 


■t  it  obtaittcS,  which  rai»dly  decomposes 

ntme  with  the  evolution  of  chlorine. 

■s  not  yet  been  deariy  established  whether  this  brown  solu- 

MuisU  o£the  compound  MnCl^  or  MngCt^  fonned  according 

:  oTthe  equations — 

MnQ,  +  4HC1  -  MnCl^  +  2H^. 
M!nO,  +  SHO  -  Mn,CI,  +  CI,  +  4H,0. 
diis  dark-brown  solution  is  gently  wanned,  the  higher 
le  breaks  up  into  manganous  chloride  (MnClj)  and  chlorine  ; 
mplete  reaction  being  expressed  by  the  equation — 

MnO,  +  4HC1  =  SH,0  -t-  MnCl,  +  Clf 

zperiment  is  conveniently  carried  out  in  the  apparatus  seen 
.  88.    The  mixture  of  manganese  dioxide  and  hydrochloric 


ii  gently  heated  in  a  large  flask,  and  the  gas,  after  being 
d  through  water  in  the  Woulfs  bottle,  may  be  collected  by 
ward  displacement,  as  shown  in  the  figure.* 
Instead  of  employing  hydrochloric  acid,  the  materials  from 
I  this  compound  is  prepared,  namely,  sodium  chloride  and 
iDiic  add,  may  be  used     Thus,   if  a  mixture  of  sodium 

"Cbemica'  L«clui«  EiperimenUi." 
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chloride,  manganese  dioxide,  and  sulphuric  add  be  gently  vamiBl  V 
chlorine  is  readily  evolved —  ■ 

2NaCl  +  MnO,  +  2H,S04  «  Na^04  +  MnS04  +  2H/)  +  0^  I 

It  will  be  seen  that  by  this  reaction  the  whole  of  the  chlorine  om- 1 
tdned  in  the  reacting  compounds  is  evolved  as  gas^  while  in  dii  I 
former  case  a  part  of  it  remains  in  combination  with  the  ma- 1 
ganese.  I 

(3.)  Many  other  highly  oxygenised  compounds,  when  acted  npoi  | 
by  hydrochloric  acid,  evolve  chlorine ;  thus,  when  crystals  of  potas*  I 
sium  bichromate  are  drenched  with  hydrochloric  acid,  and  the 
mixture  heated,  a  rapid  stream  of  chlorine  takes  place,  thus—        ' 

KjCrA  +  14HC1  =  2KCI  +  ZxjZ\  +  7H,0  +  8C1» 

(4.)  When  crystals  of  potassium  chlorate  are  similarly  treated,  a 
mixture  of  chlorine  and  chlorine  peroxide  is  evolved,  even  without 
tlie  application  of  heat — 

4KC108  +  12HC1  =  4KC1  +  6H3O  +  3C10,  +  9CL 

(5.)  Red  lead  (Pbs04),  when  treated  with  hydrochloric  acid, 
reacts  in  a  manner  similar  to  manganese  dioxide  and  many  other 
peroxides.  In  the  case  of  lead,  however,  there  is  no  intermediate 
chloride  formed — 

Pb804  +  8HC1  =  SPbClj  +  4H2O  +  CI,. 

(6.)  Hanufacturing  Processes  —  Deacon's  Process.— This 

method  for  the  preparation  of  chlorine,  is  by  the  oxidation  of  the 
hydrogen  in  hydrochloric  acid  by  atmospheric  oxygen.  It  will  be 
seen  that  in  the  foregoing  methods  the  oxidation  of  this  hydrogen 
is  carried  on  at  the  expense  of  the  oxygen  contained  in  either  the 
metallic  peroxide,  or  the  highly  oxygenated  salt  used ;  in  the 
Deacon  process  atmospheric  oxygen  is  made  use  of.  When  a 
mixture  of  gaseous  hydrochloric  acid  and  oxygen  is  heated,  a 
slight  decomposition  takes  place ;  but  if  these  gases  be  heated  in 
the  presence  of  a  third  substance,  which  acts  as  a  catalytic  agent, 
the  decomposition  of  the  hydrochloric  acid  is  much  more  readily 
effected.  The  catalytic  agent  employed  in  the  Deacon  process  is 
cuprous  chloride  (CugCl|).    This  substance  is  capable  of  taking  up 


jonal  quaotity  of  chlorine,  and  of  being  convened  imo 
iloride  (CuCy,  thus— 

Cii,Cl,  +  CI,  =  2CuCl, 

>refbre,  a  mixture  of  hydrochloric  acid  and  oxygen  be 
over  fragments  of  piunice  impregnated  with  cuprous 
contained  in  a  tube  which  is  heated  to  dull  redness,  the 
loric  add  will  be  decomposed.  We  may  suppose  that  the 
rf  oxygen  for  the  hydrogen  in  hydrochloric  acid,  is  un- 
DTcrcome  the  affinity  existing  between  the  hydrogen  and 
,  but  that  the  additional  pull  exerted  upon  the  molecules 
Khloric  acid  by  the  cuprous  chloride,  is  sufiident  to  dis- 
equilibrium and  rupture  the  molecule — 

o-||;c;,cu.ci, 

suit  of  the  action  bdng  H,0  +  SCuClf 


Fic  B9. 

!  temperature  at  which  the  reaction  is  carried  on,  however, 
ipound  CuClj  cannot  exist ;  two  molecules  at  it  are  con- 
)to  one  of  CugClj,  and  a  molecule  of  chlorine  is  evolved. 
il  result,  therefore,  of  the  reaction  may  be  thus  expressed  — 

O  +  2HC1  +  Cu,CIj  =  H,0  +  CI,  +  Cu,Clr 


!" 
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(i)  CujCl,  +  o  =  Cu,OCl» 

(a)  Ci^OCl,  +  2Ha  =  aCnCI,  +  H^. 

(3)2CuCl,  =  Cu,CI,+  CV 

This  reaction  may  be  made  on  a  small  scale  by  means  i 
apparatus  shown  in  Fig.  89.  Hydrochloric  add  is  geneiatcd 
salt  and  sulphuric  add  in  the  flask,  and  a  stream  of  the  gas  [ 
through  the  WoulTs  bottle,  into  which  tilso  enters  a  itre 
oxygen.  The  mixed  gases  are  then  passed  throi^h  the  balti 
containing  fragments  of  pumice  which  have  previously  been  ■ 


in  a  solution  of  cupric  chloride,  and  dried.  On  heating  the  1 
means  of  a  Bunsen  flame,  chlorine  will  issue  from  the  end 
tube.  When  chlorine  is  manufactured  on  an  industrial  sc 
the  Deacon  process,  the  mixture  of  hydrochloric  add  and 
the  proportion  of  four  volumes  of  the  latter  to  one  volume  of 
chloric  acid)  is  dmwn  by  means  of  a  Root's  blower  first  tl 
iron  pipes,  which  are  heated  to  a  temperature  of  about  501 
then  the  hot  gases  pass  on  through  the  decomposer.  Tliis  c 
of  a  cylinder  of  cast  iron,  containing  masses  of  broken  bt 
burnt  clay,  impregnated  with  cupric  chloride,  and  so  anai^ 
the  gases  are  drawn  through  ttie  wvas^ 
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fas  leaving  the  decomposer,  consists  of  a  mixture  of  chlorine, 
nposed  hydrochloric  acid,  and  atmospheric  nitrogen  and 

By  passing  them  through  water,  the  hydrochloric  acid  is 
1,  and  the  chlorine  is  usually  converted  at  once  into  bleach- 
dcr. 

>rocess  by  which  chlorine  is  usually  made  on  a  manufactur- 
le,  is  by  the  action  of  hydrochloric  acid  upon  manganese 

The  best  ore  for  the  purpose  is  pyrolusite.  The  process 
icted  in  stills  made  of  thick  slabs  of  stone,  usually  '*  York- 
ig,"  which  are  fitted  and  luted  together,  and  securely  bound 
•iron  damps.  Fig.  90  shows  such  a  chlorine  still,  repre- 
is  cut  across  the  centre. 

rharge  of  manganese  is  placed  upon  the  false  bottom  a,  and 
I  is  run  in  through  the  funnel  tube  by  which,  dipping  into  a 
3t,  does  not  allow  the  gas  to  escape.  As  the  action  begins 
:en,  steam  is  cautiously  blown  in  from  time  to  time.  The 
i  escapes  by  the  pipe  g^  and  passes  from  thence  into  the 

-eaction  that  goes  on  in  the  still,  is  the  same  as  that  given 
Q  the  first  mode  of  formation,  except  that  as  pyrolusite  is 
t  Mn02,  small  quantities  of  other  compounds  are  formed, 
lowing  analyses,  by  Black,  of  still-liquor  from  stone  stills, 
he  general  composition  of  this  substance : — 

MnCls ia57oo 

Allele                     ....  0.6200 

Fe^Cle 0.4551 

HCl  (undecomposed)     .        .  6.6220 

H,0 81.7329 

100.0000 

rhe  Weldon  Process,  although  indirectly  a  method  for 
chlorine,  is  in  reality  a  process  for  recovering  the  man- 
contained  in  the  still-liquors  as  manganous  chloride,  and  of 
uting  it  into  available  manganese  dioxide.  The  manganese 
ivered,  however,  is  again  utilised  for  the  preparation  of 
B  by  the  decomposition  of  a  further  quantity  of  hydrochloric 
The  essence  of  the  process  is  the  following  : — The  still- 
s  mixed  with  ground  chalk,  or  limestone  dust,  in  large  tanks 
s,  and4he  mixture  thoroughly  stirred  by  agitators.  One  of 
'^\s.  A,  is  shown  in  the  diagrammatic  figure.    B7  lVi\s  o^xv 
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tion  the  free  acid  is  neuiralised,  and  the  iron  pieapttHl 
hydrated  oxide.  The  neutral  liquor,  txinsistiag  of  [lUOpM 
chloiide  and  calcium  chloride,  is  then  pumped  into  bigc  to) 
where  it  is  allowed  to  settle  ;  one  of  these  "  settlers,"  B,  ii  Aa 
in  the  fi^nire.  By  means  of  a  pipe  upon  a  swivel-joint,/, Qxdi 
liquid  from  the  settler  can  be  drawn  off  without  disiuitini  1 
sediment,  and  run  into  the  oxidiser  C.  The  oiidiser  is  ma^ 
flat-bottomed  iron  cylinder,  open  at  the  top.     Milk  of  lime  b 


^-^^ 


the  tank  E,  where  lime  and  i 
into  the  oxidiser  as  required. 
The  milk  of  lime  is  added 
precipitate  the  manganese  a 
Into  this  mixture,  which 
calcium  hydroxide  (milk  of 


ter  are  stirred  together,  is  pun 

I  quantity  more  than  sufficiei 
manganous  hydroxide,  Mnt 
of  manganous  hydroxide 
;)  in  suspension,  and  to  a  sm 
1  solution  in  the  calcium  chloride  which  is  presei 
streain  of  compressed  air  is  forced  by  means  of  the  pipe  k, « 
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isses  to  the  bottom  of  the  oxidiser,  where  it  ends  in  perforated 
ranches.  During  this  process  the  manganese  becomes  oxidised, 
nd  is  converted  mainly  into  calcium  manganite,  a  compound  of 
langanese  dioxide  with  calcium  oxide,  CaO,Mn02,  or  CaMnOs. 
\y  a  further  addition  of  the  neutral  liquor  from  tank  B,  and  by 
aisin^^  the  temperature  within  the  oxidiser  by  injecting  steam,  a 
mrtion  of  the  calcium  manganite  is  converted  into  a  compound 
laving  the  composition  CaO,2MnOs. 

When  the  operation  is  complete,  the  contents  of  the  oxidiser  are 
run  out  into  a  series  of  tanks  called  mud  settlers^  of  which  one 
is  shown  at  D  in  the  figure.  The  product  here  settles  as  a  thin 
black  mud,  known  as  the  Weldon  mud;  and  this  is  ultimately 
drawn  from  the  settlers,  and  run  direct  into  chlorine  stills,  where 
it  is  at  once  treated  with  hydrochloric  acid  for  the  preparation 
of  chlorine.  The  Weldon  stills  are  similar  to  the  ordinary  chlorine 
stills,  but  are  much  larger,  and  usually  octagonal  in  shape. 

Properties. — Chlorine  is  a  greenish-yellow  coloured  gas,  with  a 
strong  suffocating  smell,  ft  is  quite  irrespirable,  and  if  inhaled  in 
the  pure  state  causes  death.  Even  when  largely  diluted  with  air 
it  is  extremely  disagreeable  and  injurious,  as  it  acts  rapidly  upon 
the  mucous  membranes  of  the  nose  and  throat,  causing  irritation 
and  inflammation,  which  usually  result  in  severe  catarrh.  A  few 
bubbles  of  chlorine  allowed  to  escape  and  diffuse  into  the  air  of  a 
room,  give  to  the  air  a  distinct  and  rather  pleasant  smell.    Chlorine 

is  an  extremely  heavy  gas,  being  5i:2Z  =  2.45  times  heavier  than 

air.  One  litre  of  the  gas,  measured  under  the  standard  conditions 
of  temperature  and  pressure,  weighs  3.168  granmies.  The  density 
of  chlorine,  taken  at  all  temperatures,  does  not  exactly  agree  with 
that  which  is  required  for  the  molecular  formula  CI2.  At  tempe- 
ratures above  1200'  the  density  is  markedly  less  than  theory 
demands,  showing  that  partial  dissociation  of  the  chlorine  mole- 
cules into  single  atoms  has  taken  place.  (Compare  Bromine  and 
Iodine.) 

On  account  of  its  heaviness,  chlorine  is  readily  collected  by  dis- 
placement ;  it  cannot  be  collected  over  mercury,  as  it  attacks  that 
metal,  and  in  water  it  is  considerably  soluble.  It  may,  however, 
be  collected  over  a  strong  brine,  as  it  is  much  less  soluble  in  this 
solution  than  in  water. 

Chlorine  is  not  inflammable,  but  it  supports  the  combustion  of 
many  burning  bodies.     It  is  posstss^^  of  such  extremeVy  ^^>wed\\ 
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chemical  affinities  that  it  acts  upon  a  large  number  of  sabsUmon 
at  ordinary  temperatures,  and  in  many  cases  the  combination  is 
sufficiently  energetic  to  result  in  the  inflanmiation  of  the  bcxfia 
Phosphorus,  when  introduced  into  chlorine,  first  melts  and  tfaa ' 
spontaneously  inflames,  burning  with  a  somewhat  feeble  light  ti 
form  phosphorus  trichloride  (PCls)  and  phosphorus  pentachloridi 
(PCI5).  The  elements  arsenic  and  antimony,  when  finely  powdend 
and  dusted  into  a  vessel  of  chlorine,  at  once  take  fire  and  ban^ 
forming  their  respective  chlorides.  Many  metals,  when  findj 
divided,  or  in  the  form  of  thin  leaf,  such  as  ordinary  Dutch  metal, 
instantly  take  fire  when  brought  into  chlorine.  If  a  quantity  of 
sodium  be  heated  in  a  deflagrating  spoon  until  it  begins  to  bum  in 
the  air,  and  be  then  plunged  into  chlorine,  the  sodium  continues  to 
bum  in  the  gas  with  dazzling  brilliancy,  forming  sodium  chloride. 

Although  under  ordinary  circumstances  chlorine  unites  with 
metals  with  great  readiness,  it  has  been  shown  that  this  action  wiD 
not  take  place  if  the  chlorine  be  absolutely  dry.  Thus,  if  chlorine 
which  has  been  completely  freed  from  aqueous  vapour  be  passed 
into  a  tube  containing  bright  metallic  sodium,  and  the  tube  sealed, 
the  sodium  not  only  remains  bright  and  unaffected  by  the  gas,  bat 
may  even  be  melted  in  the  atmosphere  of  chlorine  without  any 
action  taking  place.  Similarly,  dry  chlorine,  when  allowed  to  enter 
a  flask  filled  with  Dutch  metal,  has  no  action  upon  it ;  but  upon  the 
introduction  of  the  smallest  trace  of  moisture,  the  metal  at  ona 
takes  fire.*  These  facts  are  of  the  same  order  as  those  mentioned 
in  connection  with  oxygen,  and  have  not  yet  received  any  satis- 
factory explanation. 

Chlorine  is  not  capable  of  direct  combination  with  carbon  ;  ordi- 
nary combustibles,  therefore,  which  consist  of  hydrocarbons,  bum 
in  chlorine  by  virtue  of  the  combination  of  their  hydrogen  with  the 
gas,  and  they  bum  with  a  lurid  smoky  flame,  owing  to  the  elimina- 
nation  of  their  carbon  in  the  fomi  of  soot.  A  burning  taper  or 
ordinary  gas  flame,  when  introduced  into  chlorine,  bums  in  this 
manner,  emitting  a  dense  smoke  and  forming  fumes  of  hydro- 
chloric acid. 

Chlorine  has  a  most  powerful  affinity  for  hydrogen ;  a  jet  of 
hydrogen  bums  freely  in  chlorine,  with  the  formation  of  hydro- 
chloric acid.  A  mixture  of  hydrogen  and  chlorine  unites  with 
explosion  on  the  application  of  a  flame.  This  combination  takes 
place  also  under  the  influence  of  light  (see  Hydrochloric  Acid) 

•  See  Experiments  169,  i70»  **  Cheuvvcal  Lecture  ElxperimeDts." 
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lie  afiSnity  shown  by  chlorine  for  hydrogen  is  seen  in  its  action 
pon  many  of  the  compounds  of  hydrogen  and  carbon.  If  one 
olume  of  ethylene  (CSH4)  be  mixed  with  two  volumes  of  chlorine, 
od  the  mixture  ignited,  the  carbon  is  instantly  thrown  out  of  com- 
ination  as  a  black  smoke,  while  the  hydrogen  unites  with  the 
blorine,  forming  a  cloud  of  hydrochloric  acid.  Similarly,  if  a 
quid  hydrocarbon,  such  as  turpentine  (C|oH|^,  be  poured  upon  a 
iece  of  filter  paper  and  the  paper  be  thrust  into  a  jar  of  chlorine, 
istant  inflammation  takes  place,  with  deposition  of  a  large  quantity 
f  carbon. 

Chlorine  possesses  strong  bleaching  properties,  which  depend 
ipon  its  power  of  combining  with  hydrogen,  for  it  is  an  essential 
xmdition  that  water  shall  bj  present  The  chlorine  unites  with 
he  hydrogen  of  the  water,  and  the  liberated  oxygen  oxidises  the 
xilouiing  matter.  If  chlorine  be  bubbled  into  liquids  coloured 
irith  any  v^etable  colouring  matter,  or  if  a  dyed  rag  be  dipped  into 
dilorine  water,  the  colour  will  be  rapidly  discharged.  Ordinary 
irriting-ink  (which  usually  consists  of  a  compound  of  iron  with 
tannic  and  gallic  adds)  is  readily  bleached  by  chlorine ;  while 
printer's  ink,  which  consists  mainly  of  carbon,  in  the  form  of  lamp- 
black, is  not  acted  upon  by  this  gas.  If,  therefore,  a  piece  of  printed 
paper  be  brushed  over  with  writing-ink  so  as  to  completely  obli- 
terate the  print,  and  the  blackened  paper  be  immersed  in  chlorine 
water,  the  writing-ink  will  be  rapidly  bleached  away,  leaving  the 
print  unchanged 

The  bleaching  power  of  chlorine  constitutes  its  most  valuable 
property  from  an  industrial  point  of  view ;  the  chlorine  for  this 
purpose  is  combined  with  lime  to  form  the  substance  known  as 
bleaching-powder.    (See  Calcium  Compounds.) 

Chlorine  is  soluble  in  water  to  a  considerable  extent.  One 
▼olume  of  water  at  lo*  absorbs  3.0361  volumes  of  chlorine 
measured  at  o*  and  under  760  mm.  pressure.  This  solution, 
known  as  chlorine  water,  has  the  same  colour  as  the  gas,  and 
smells  strongly  of  chlorine.  If  exposed  to  the  air,  the  chlorine 
rapidly  diffuses  out  of  the  solution.  Chlorine  water  cannot  be 
preserved  for  any  length  of  time,  as  it  slowly  undergoes  de- 
composition, the  chlorine  combining  with  the  hydrogen  of  the 
water,  forming  hydrochloric  acid,  which  remains  in  solution,  and 
the  oxygen  being  liberated,  thus — 

H,0  +  CI,  -  2HC1  +  O. 


i 

i 

324  Inorganic  Chemistry  - 

This  action,  which  proceeds  slowly  under  ordinary  cooditkia^  i 
is  greatly  accelerated  by  the  influence  of  light,  and  if  expoiei  \ 
to  direct  sunlight  the  decomposition  is  very  rapid. 

If  chlorine  water  be  cooled  to  within  one  or  two  degrees  o£ 
freezing-point  of  water,  or  if  chlorine  be  passed  into  ice-cold  vate^ 
a  solid  crystalline  compound  of  chlorine  with  water  is 
This  substance  is  termed  chlorine  hydrate^  and  has  a  com 
expressed  by  the  formula  ClsilOH^O.  The  compound  is  very 
stable,  and  when  exposed  to  the  air  it  melts  and  rapidly  gives 
chlorine.  If  the  crystals  are  quickly  freed  from  adhenng 
and  are  then  sealed  up  in  a  glass  tube,  they  may  be  heated 
a  temperature  of  38°  before  being  decomposed.  Faraday  madl 
use  of  this  compound  in  order  to  obtain  liquefied  chlorine,  k 
quantity  of  the  hydrate  was  sealed  up  in  one  limb  of  a  beit 
tube  and  was  gently  warmed,  the  compound  dissociated  into 
water  and  chlorine,  and  the  internal  pressure  caused  the  condensa^ 
tion  of  the  chlorine  to  the  liquid  condition. 

Liquid  Chlorine. — Under  the  ordinary  atmospheric  pressaie^ 
chlorine  may  be  liquefied  by  lowering  its  temperature  to  —  34*. 

At  a  temperature  of  o"  the  pressure  required  to  effect  its  lique* 
faction  is  equal  to  six  atmospheres.  When,  therefore,  the  liquid 
is  obtained  by  heating  the  crystalline  hydrate,  as  in  Faraday^ 
method,  one  limb  of  the  tube  should  be  cooled  by  being  placed 
in  ice. 

The  critical  temperature  of  chlorine  is  141°,  and  the  pressure 
required  to  effect  its  liquefaction  at  that  point,  or  its  critical 
pressure,  is  84  atmospheres.     (See  Liquefaction  of  Gases.) 

Liquid  chlorine  has  a  bright  golden  yellow  colour,  entirely  free 
from  the  greenish  tint  possessed  by  the  gas.  Its  specific  gravity 
is  1.33,  and  it  boils  at  -33.6*.  When  cooled  to  a  temperature 
of  -  102,  it  freezes  to  a  yellow  crystalline  mass.  Liquid  chlorioe 
is  now  an  article  of  commerce.  It  is  contained  in  iron  bottks 
lined  with  lead,  and  is  largely  exported  in  this  form,  for  use  in  the 
extraction  of  gold,  to  parts  of  the  world  where  the  carriage  of  the ; 
plant  and  materials  necessary  for  generating  large  quantities  (/ 
chlorine,  would  be  attended  with  great  difficulties. 
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HTOBOCBLOBIO  ACID  {Hydngtn  ChUriiU). 
Focniala,  HCL    Uolecnlai  weight  ^  36.37.    Density  =  13.1S5. 

History. — In  solution  in  water,  this  compound  was  known  10 
the  early  alchemists,  and  the  mixture  of  this  solution  with  nitric 
acid  constituted  the  valued  liquid  known  as  agua  rtgia.  The 
picpanUion  of  hydrochloric  add  from  common  salt  is  associated 
with  the  name  of  Glauber  (1650),  who  obtained  it  by  the  action 
of  sulphuric  add  upon  sodium  chloride  (common  salt).  Gaseous 
hydrochloric  add  was  fint  collected  and  examined  by  Priestley, 


irtto  collected  it  over  mercury,  in  the  mercurial  pneumatic  trough 
invented  by  him.     He  named  the  gas  marine  acid  air. 

Oeeorrence.— Gaseous  hydrochloric  acid  is  evolved  in  consider- 
able quantities  from  volcanoes  during  active  eruption. 

Modes  of  FonnatlOB. — (i.)  Hydrochloric  add  may  be  syn- 
thetically produced  directly  from  its  elements  ;  thus,  this  compound 
is  formed  when  a  jet  of  hydrogen  is  caused  to  burn  in  an  atmos- 
phere of  chlorine.  If  a  mixture  of  chlorine  and  hydrogen  be 
ignited,  the  union  takes  place  instantaneously  with  explosion,  and 
hydrochloric  add  is  produced.  The  union  of  hydrogen  with 
chlorine  wiJJ«J«>  take  place  under  the  influence  of  Vigbt',  vYtM&^'Via. 
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mixture  of  these  two  gases  be  exposed  to  even  diffused  dayligbt  for 
a  few  hours,  the  greenish  colour  imparted  to  the  miscture  by  the 
chlorine  will  gradually  disappear,  and  on  examination  it  is  found 
that  the  tube  contains  hydrochloric  acid.    This  combination,  whid 
is  only  gradual  when  the  mixture  is  exposed  to  diflfused  daylight, 
becomes  explosively  sudden  if  the  mixed  gases  are  exposed  to 
direct  sunlight,  or  any  artificial  light  which  is  rich  in  rays  of  lugh 
rcfrangibility — the  so-called  actinic  rays.     \i^  therefore,  a  glass 
vessel  be  filled  with  a  mixture  of  these  gases  in  equal 
volumes,  and  the  mixture  be  placed  in  bright  sunshine, 
a  violent  explosion  will  result,  and  hydrochloric  add  wiD 
be  produced.    This  phenomenon  is  best  illustrated  by 
filling  small  thin  glass  bulbs  with  a  mixture  of  the  two 
gases  obtained  by  the  electrolysis  of  aqueous  hydrochloric 
acid.     The  bulbs  when  filled  can  be  hermetically  sealed 
before  the  blowpipe  without  causing  the  combination  of 
the  gases,*  and  if  kept  in  the  dark  may  be  preserved 
indefinitely. 

On  exposing  one  of  these  bulbs  to  the  light  of  burning 
magnesium,  the  combination  of  the  two  gases  instantly 
takes  place,  with  a  sharp  explosion,  which  shatters  the 
bulb  to  powder.  The  bulb  should  therefore  be  screened, 
as  shown  in  Fig.  92. 

The  rays  of  light  which  are  capable  of  causing  this 
combination  are  those  which  compose  the  blue  and  violet 
end  of  the  spectrum  ;  if  these  particular  rays  are  absorbed 
from  the  light  by  means  of  ruby  glass,  the  mixture  of 
iL  gases  may  be  exposed  to  the  red  light  so  obtained  with- 
^       out  any  action  taking  place.t 

r  The  combination  of  chlorine  with   hydrogen    is    not 

^  attended  by  any  alteration  in  volume ;  one  volume  of 
Fig.  93.  chlorine  combines  with  one  volimie  of  hydrogen,  and 
the  resultant  hydrochloric  acid  occupies  two  volumes. 
This  may  be  readily  proved  by  filling  a  stout  glass  tube,  provided 
with  a  stop-cock  at  each  end,  with  a  mixture  of  the  two  gases 
in  exactly  equal  volumes,  and  causing  them  to  combine  either  by 
the  influence  of  light,  or  by  the  passage  of  an  electric  spark  by 
means  of  the  platinum  wires  sealed  into  the  tube  (Fig.  93).  On 
opening  one  of  the  stop-cocks  imder  mercury,  it  will  be  seen  that 

•  See  Experiment  173,  *  *  Chemical  IjcsAAire  'E.x^w\tc«DX&:'  \  VoA.^  V^*^ 
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lube,  thus  showing  ihat  the  union  has  taken  place  withoui  any 
alteiation  in  the  volume.  If  one  of  the  cocks  be  now  opened 
beneath  water,  the  hydrochloric  acid  wbicb  has  resulted  from  the 
nmon  of  the  hydrogen  and  chlorine,  being  extremely  soluble  in 
water,  the  liquid  will  nish  up  into  the  tube  and  completely  till  it, 
showing  that  no  free  hydrogen  or  chlorine  remains  in  the  tube. 

(2.)  For  all  ordinary  purposes,  hydrochloric  acid  is  always  obtained 
by  the  action  of  sulphuric  add  upon  sodium  chloride.  For  labo- 
latoiy  uaes  the  apparatus  seen  in  Fig.  94  may  be  conveniently 


FIG.  94. 

employed.  Sulphuiic  add,  previously  diluted  with  rather  less  than 
its  own  volume  of  water,  is  placed  in  the  flask,  and  a  quantity  of 
common  salt  is  added.  On  the  application  of  a  gentle  heat  a 
steady  stream  of  gas  is  evolved,  which  may  be  dried  by  being 
passed  through  the  tubulated  bottle,  containing  piunice  moistened 
with  strong  sulphuric  add.  The  gas  is  then  collected  either  over 
tnercury,  or  by  displacement.  The  reaction  which  takes  place 
is  expressed  by  the  equation — 

NaCl  +  H^O,  =  NaHSO,  +  HCL 
If  strong  sulphuric   acid   be  employed  along  with   an   excess 
of  salt,  both  of  the  atoms  of  hydrogen  can  be  displaced  from 
the  add ;  and  instead  of  the  hydrogen  sodium  sulphate,  there 
is  formed  the  normal  sodium  sulphate — 

SNaO  +  Vl^Ot  -  NajSO,  +  SHO. 
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A  much  higher  temperature  is  necessary  in  order  to  complete 
the  reaction  indicated  by  this  equation. 

Properties. — Hydrochloric  acid  is  a  colourless  gas  with  i 
choking,  pungent  odour.  In  contact  with  the  moist  air  it  foims 
dense  fumes,  consisting  of  minute  globules  of  a  solution  of  the 
gas  in  the  atmospheric  aqueous  vapour.  Hydrochloric  add  does 
not  burn,  neither  does  it  support  ordinary  combustion. 

It  is  heavier  than  air,  its  specific  gravity  being — 

1^:1^  -  1.25  (air  -  i). 
14.44 

• 

Hence  the  gas  is  readily  collected  by  displacement    One  litre  of 
the  gas  weighs  18.185  criths. 

Hydrochloric  acid  is  extremely  soluble  in  water ;  i  volume  of 
water  at  o*  and  under  a  pressure  of  760  nun.  is  capable  of  dis- 
solving 503  volumes  of  gaseous  hydrochloric  add,  measured  at 
o*  and  760  mm.  As  the  temperature  rises  the  solubility  diminishes, 
as  seen  by  the  following  table  : — 

Temperature.  Coefficient  of  Absorption. 

o' 503 

30' 4" 

50' 364 


The  solubility  of  hydrochloric  acid  may  be  illustrated  by  com- 
pletely filling  a  large  globular  flask  with  the  gas,  by  displacement, 
the  flask  being  provided  with  a  long  tube  passing  through  the  cork, 
as  seen  in  Fig.  95.  On  opening  this  tube  beneath  water,  the  gas 
begins  to  dissolve,  and  the  liquid  rises  slowly  in  the  tube  until  it 
reaches  the  top.  As  soon  as  the  first  few  drops  enter  the  globe, 
they  rapidly  absorb  the  gas,  thereby  causing  a  partial  vacuum  in 
the  vessel,  so  that  the  water  is  driven  up  the  tube  with  consider- 
able force,  forming  a  fountain,  which  continues  until  the  globe  is 
nearly  filled  with  liquid.  If  the  water  in  the  dish  is  rendered  blue 
by  the  addition  of  litmus  solution,  the  acid  nature  of  the  solution 
of  the  gas  will  be  evident  by  the  reddening  of  the  liquid  as  it 
enters  the  globe. 

When  a  weak  aqueous  solution  of  hydrochloric  acid  is  boiled, 
it  loses  water  and  becomes  stronger ;  while,  on  the  other  hand, 
if  a  strong  solution  be  heated,  it  loses  gas  and  becomes  weaker, 
until  in  both  cases  an  acid  containing  20.24  per  cent  of  HCl  is 
produced  which  boils  at  1 10°.    This  strength  of  acid  corresponds 


IlydroLhlorh  Acid 


was  at  one  lime  supposed  to  represent  a  definite  compound. 
Roscoe  and  Dittmar  have  shown,  however,  that,  as  with  nitric 
add,  the  composition  of  the  hquid  which  boils  at  a  constant 
temperatuTC  is  simply  a  (unction  of  the  pressure. 

The  strongest  aqueous  solution  of  hydrochloric  acid  at  15°  C. 
lias  a  specific  giavity  of  i  313,  and  contains 
43.9  per  cent  of  HC1 

HydnKhloric  acid  gas  is  readily  lique 
fied  by  pressure.  At  a  temperature  of  10° 
a  pressure  of  40  atmospheres  will  effect 
its  liquefaction.  If  the  temperature  be 
loweied  to  - 16*,  the  tame  result  is  ob 
taiBed  by  a  pressure  of  20  atmospheres. 
The  critical  temperature  of  hydrochloric 
add  is  $2.3°. 

Condensed  hydrochioiic  acid  is  a  colour- 
less liquid.  Gore  has  shown  that  this 
liqueSed  add  is  without  action  on  most 
of  the  metals  which  are  readily  dissolved 
by  the  aqueous  add. 

The   composition  of   hydrochloric  acid 
may  be  experimentally  proved  by  a  num< 
ber  of  methods.     It  may  be  shown  synthetically  by  the  volumetric 
experiment  referred  to  above  (page  326). 

The  volumetric  proportion  of  hydrogen  contained  in  the  gas  may 
be  shown  by  means  of  sodium  amalgam.  The  sodium  in  the 
amalgam,  acts  upon  the  hydrochloric  acid,  combining  with  the 
chlorine,  and  liberating  the  hydrogen — 

Na  +  HCI  -  NaCl  +  H. 

For  this  puipose  gaseous  hydrochloric  acid  is  introduced  into  one 
Umb  of  the  U-shaped  eudiometer  (Fig.  96),  and  its  volume  indicated 
by  means  of  a  ring  upon  the  tube,  the  mercury  being  level  in  both 
limbs.  A  second  ring  marks  exactly  half  the  volume.  A  quantity 
of  liquid  sodium  amalgam  is  then  poured  into  the  open  limb  until 
it  it  completely  filled,  and  on  being  closed  by  the  thumb  the  tube 
can  be  inverted  so  as  to  decant  the  gas  into  this  limb.  After  being 
bubbled  once  or  twice  through  the  amalgam,  the  gas  is  again 
returned  %o  iu  former  place ;  and  by  drawing  metcurj  ttonv  "Oc*, 


Fig.  9S. 
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branch  tube,  the  levels  in  each  limb  can  be  again  adjucted,  iri«tit 
will  be  found  that  the  gas  ronaining  in  the  tube  occupies  the  ipKx 
exactly  down  to  the  upper  ring,  that  is  to  tay,  two  volumes  of 
hydrochloric  acid  contain  one  volume  of  hydrogen.  That  the  gH 
is  hydrogen  can  be  shown  by  ^ain  filling  up  the  open  f&nb  wiA 
mercury,  and  driving  the  gas  out  of  the  itop-cock,  where  it  can  bt 
inflamed  as  it  escapes. 


\ 


Fig.  96. 


Fig.  97- 


FiagS. 


The  fact  that  hydrochloric  acid  contains  the  same  volume  of 
chlorine  as  of  hydrogen,  may  also  be  demonstrated  by  collecting 
the  mixed  gases,  evolved  by  the  electrolysis  of  the  aqueous  acid,  in 
a  long  tube  provided  with  a  stoppered  funnel,  as  shown  in  Fig.  97. 
The  gases  may  be  collected  over  a  saturated  solution  of  salt  in 
water,  and  the  tube  filled  to  the  lower  ring.  On  allowing  a  solution 
of  potassium  iodide  to  enter  by  means  of  the  fiinnel,  the  chlorine  is 
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^.  u 


i^.-nr])ed  with  the  lil:)eralion  of  iodine,  whirli  partially  dissolves 
and  partly  separates  as  a  solid.  When  the  absorption  of  the 
chlorine  is  complete,  the  water  will  have  risen  to  the  second  band 
placed  half  way  up  the  tube,  showing  that  one-half  of  the  gaseous 
mixture  consists  of  chlorine.  The  former  experiment  proved  that 
liydrocfaloric  acid  contained  half  its  volume  of  hydrogen,  therefore 
the  two  elements,  in  uniting  to  form  this  compound,  do  so  in  equal 
volumes  and  without  any  contraction  in  volume. 

When  aqueous  hydrochloric  acid  is  subjected  to  electrolysis,  the 
hydrochloric  add  is  decomposed,  hydrogen  being  evolved  at  the 
negative  electrode  and  chlorine  at  the  positive.  At  first  the 
liberated  chlorine  is  dissolved  in  the  solution  ;  but  after  the  liquid 
has  become  saturated  with  the  gas,  the  whole  of  the  chlorine  is 
liberated.  By  conducting  this  decomposition  in  the  apparatus 
seen  in  Fig.  98,  and  continuing  the  passage  of  the  electric  current 
until  the  liquid  in  one  limb  is  saturated  with  chlorine  before  closing 
the  stop-cocks,  it  will  be  seen,  when  the  gases  are  collected  in  the 
tubes,  that  they  are  evolved  in  equal  volumes. 

The  Kanufactore  of  Hydpochlorlc  Add.  — The  aqueous 

solution  of  hydrochloric  add  is  an  object  of  commercial  manu- 
fiurture,  which  is  carried  out  on  an  enormous  scale.  It  is  obtained 
by  the  decomposition  of  common  salt  by  means  of  sulphuric  acid, 
according  to  the  reaction — 

SNaCl  +  H^O*  -  Na,S04  +  2HC1. 

Formerly  hydrodiloric  add  was  a  wasfe  product  obtained  in  the  manufacture 
of  sodium  carbonate  by  the  method  known  as  the  Ltblanc  process ;  the  first 
stage  in  this  process  being  the  conversion  of  sodium  chloride  into  sodium 
sulphate,  by  the  action  upon  it  of  sulphuric  add.  The  hydrochloric  add 
evolved  as  gas  in  this  reaction  was  allowed  to  escape  into  the  atmosphere. 
The  nuisance  caused  by  this  acid  gas  being  thrown  into  the  air,  ultimately 
resulted  in  the  "Alkali  Act,"  which  compelled  manufacturers  to  absorb  this 
waste  add.  Since  that  time,  the  Leblanc  process  for  the  manufacture  of  sodium 
carbonate  has  had  a  formidable  rival  in  another  method,  known  as  the 
amwumia-soda  process  (see  Sodium  Compounds),  which  would  probably  have 
completely  driven  the  older  method  out  of  the  field,  but  for  the  commercial 
value  of  the  hydrochloric  add  which  is  obtained  as  a  secondary  product  in 
the  Leblanc  process.  The  hydrochloric  acid,  therefore,  which  formerly  was 
thrown  away  as  a  waste  product,  is  now  the  salvation  of  the  process,  and  the 
utmost  care  is  taken  to  prevent  any  of  it  from  escaping,  not  now  by  com- 
pobioo  of  the  Alkali  Act,  so  much  as  from  purely  economic  reasons. 

The  charge  of  salt  and  sulphuric  acid  is  heated  in  an  enormous 
hemisphencal  cast-iron  pan,  built  into  a  brickwoiV.  diaxc^x,  «i 
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that  it  can  be  heated  by  a  fire  beneath,  and  so  that  the  embed 
gas  can  be  conveyed  away  by  brick  or  earthenwane  flues.  The  gis 
evolved  by  the  reaction,  is  led  into  towers  which  aie  filled  with  a ' 
or  bricks,  and  down  which  water  is  made  to  percolate  ;  the  «a 
being  caused  to  flow  eqtially  over  the  mass,  by  means  of  ^koiI 
distributing  contrivances.  As  the  gaseous  bydiochloric  acid  pi 
up  the  towers  and  meets  the  descending  stream  of  water, 
entirely  dissolved,  and  the  aqueous  add  becomes  nearly  satonted 
as  it  reaches  the  bottom  of  the  tower. 

In  woHcs  where  the  condensers,  or  toweis,  are  not  of  great 
hdght,  it  is  ustial  either  to  cool  the  gas  before  admitting  it  ii 


Fig.  99. 


the  towers,  or  to  pass  it  through  a  series  of  jars,  resembling 

gijjantic  VVouirs  botlles  (Fig.  99). 

The  water  in  these  bottles  is  made  lo  flow  steadily  from  one  lo 
the  other  by  the  side  pipes  c,  c  (in  the  direction  from  left  to  t^hl), 
while  the  gas  passes  ihraugli  the  system  in  the  opposite  directim. 
In  this  way  a  constantly  changing  surface  of  water  is  exposed  to 
the  gas,  and  a  very  strong  solution  is  obtained. 

Commercial  hydrochloric  acid  is  generally  yellow  in  colour, 
owing  lo  the  presence  of  iron  as  an  impurity  ;  and  it  is  always 
liable  to  contain  sulphuric  acid,  free  chlorine,  arsenic,  and  some- 
times sulphur  dioxide.  This  aqueous  solution  of  hydrochloric 
acid  is  also  known  under  the  names  of  "spirits  of  salt,"  and 
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OXIDES  AND  OXY ACIDS  OP  CHLORINE, 

The  elements  oxygen  and  chlorine  have  never  been  made  to 
unite  together  directly :  two  compounds,  however,  of  these  elements 
can  be  obtained  by  indirect  methods ;  these  are — 

Chlorine  monoxide  (hypochlorous  anhydride)  CljO. 

Chlorine  peroxide ClOj. 

Three  oxyadds  are  known,  viz. : — 

Hypochlorous  add HCIO. 

Chloric  add HCIO3. 

Perchloric  add HCIO4. 


CHLOBINB  MONOXIDB  {Hypochlorous  anhydride), 
Fonnula,  Q^.    Molecular  weight  =  86.7a     Density  =  43.35. 

Mode  of  FonnatiOIL— 'This  compound  is  obtained  by  passing 
dry  chlorine  over  dry  predpitated  mercuric  oxide  contained  in  a 
glass  tube,  the  temperature  of  which  is  not  allowed  to  rise.  The 
chlorine  combines  with  the  mercuric  oxide,  forming  mercuric  oxy- 
chloride,  and  chlorine  monoxide  is  liberated — 

2HgO  +  2C1,  =  HgO,HgCl,  +  CljO. 

Properties. — At  ordinary  temperatures  chlorine  monoxide  is  a 
pale  yellow  gas,  without  the  greenish  tint  possessed  by  chlorine. 
Its  smell  strongly  suggests  chlorine,  but  is  readily  distinguishable 
from  it  It  is  a  very  unstable  compound,  decomposing  with  more 
or  less  violence  with  moderate  rise  of  temperature.  When  strongly 
cooled  it  is  condensed  to  an  orange-yellow  coloured  liquid,  which 
boils  at  about  —  20".  This  liquid  is  extremely  unstable,  exploding 
with  great  violence  on  the  gentlest  application  of  heat,  and  some- 
times on  merely  being  poured  from  one  vessel  to  another.  When 
exposed  to  direct  sunlight  it  also  explodes  with  violence. 

Gaseous  chlorine  monoxide  is  considerably  soluble  in  water,  one 
volume  dissolving  about  100  volumes  of  the  gas,  forming  hypo- 
chlorous add — 

C1,0  4-  H,0  =  2HC10. 
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CHLOBINE  PEROXIDE. 

Formula,  ClO^.    Molecular  weight  =  67.29.    I>ensit7  =  33.64S 

Modes  of  FormatioiL — (i.)  By  the  action  of  sulphuric  addnpoi 
potassium  chlorate — 

SKClOs  +  2H,S04  =  KCIO4  +  2HKSO4  +  H,0  +  200, 

Finely  powdered  potassium  chlorate  is  added  little  by  littk  to 
concentrated  sulphuric  add  in  a  small  retort.  The  salt  dissolves 
with  the  formation  of  a  reddish  liquid,  and  if  the  temperature  is 
not  allowed  to  rise,  no  gas  is  evolved.  On  very  cautiously  warm- 
ing the  retort  by  means  of  warm  water,  taking  care  not  to  heal 
the  glass  above  the  level  of  the  liquid  in  the  retort,  the  chlonu 
peroxide  is  evolved. 

(2.)  A  mixture  of  chlorine  peroxide  and  carbon  dioxide,  in  eqw 
volumes,  is  obtained  by  heating  a  mixture  of  powdered  potassim 
chlorate  and  oxalic  acid  to  a  temperature  of  70°  in  a  water-bath— 

2KCIO3  +  2H,Cj04  =  K,C,04  +  2HjO  +  2CO,  +  2C10, 

(3.)  Chlorine  peroxide,  mixed  with  chlorine,  is  evolved  by  tl 
action  of  hydrochloric  acid  upon  potassium  chlorate — 

4KCIO3  +  12HC1  =  4KC1  +  6H,0  +  9C1  +  SClOj. 

This  mixture  of  gases  was  formerly  supposed  to  be  a  defini 
cv^mpounvl  of  oxygen  and  chlorine,  and   received   the  name 

Properties. — Chlorine  peroxide  is  a  heavy  gas,  with  a  dc 
N^rHow  vvlour.  It  has  ;m  intensely  unpleasant  smell,  and  if  i 
hA*if\i  evfn  when  Urv:e!y  diluted  with  air,  produces  headad 
The  4:as  a:;jick5  mercury,  and  is  soluble  in  water,  so  that  it  c 
v>j\ty  Nr  vv**cv:if\l  by  displacement.  Chlorine  peroxide  is  an  < 
;tnv.c*.v  i:r.<:jiKe  cvc^pound,  it  is  gradually  resolved  into  its  c 
txHTu;^  by  :Nr  ir.r.uer.cip  of  light :  the  passage  of  an  electric  spa 
or  th^'  i:^::\x*.uct*.v>r.  into  it  of  a  hot  wire,  causes  it  to  decomp< 
^t:h  \v\Vri:  evivoc>:v*G^  It  is  a  powerful  oxidising  compound; 
iv<\>f  v>:  x'^.s^.>v^o:u:>  r.tTVxioced  into  the  gas  takes  fire  spontai 
v^:>I>.     Is  A ;«  vV  >uly^unrcted  hydrv>gen  be  lowered  into  a  jar 
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ne  peroxide,  the  sulphuretted  hydrogen  ignites  spontaneously, 
ontinues  burning  in  the  gas. 

oxidising  action  upon  organic  matter,  may  be  shown  by 
ting  the  gas  in  the  presence  of  such  a  substance  as  sugar, 
ding  a  drop  of  sulphuric  acid  to  a  mixture  of  powdered  sugar 
otassium  chlorate.    The  chlorine  peroxide,  liberated  by  the 

of  the  acid  upon  the  chlorate,  ignites  the  mixture,  and  the 
mass  then  bursts  into  flame. 

en  chlorine  peroxide  is  strongly  cooled,  it  condenses  to  dark 
|uidy  which  is  even  more  explosive  than  the  gas. 


HTPOGHLOBOnS  ACID. 

Formula,  HQO. 

les  of  Fonnation. — (i.)  As  already  mentioned,  this  acid  is 
1  when  chlorine  monoxide  is  dissolved  in  water. 
It  may  readily  be  obtained  in  dilute  solution,  by  passing  an 
of  chlorine  through  water  in  which  precipitated  mercuric 
is  suspended — 

HgO  +  H,0  +  2C1,  =  HgCl,  +  2HC10. 

distilling  the  liquid,  the  dilute  acid  passes  over  as  a  colourless 
ite. 

In  dilute  solution,  hypochlorous  acid  may  be  obtained  by  the 
iposition  of  a  hypochlorite  by  a  very  dilute  mineral  acid,  and 
|uent  distillation  of  the  mixture ;  thus,  if  to  a  solution  of 
n  hypochlorite  (obt^ned  by  treating  bleaching-powder  with 
and  filtering  the  solution)  very  dilute  nitric  acid  be  added 
kc  solution  distilled,  a  dilute  colourless  acid  is  obtained — 

Ca(C10)2  +  2HN08  =  Ca(N08)a  +  2HC10. 

This  compound  is  also  formed,  when  a  stream  of  chlorine  is 
I  through  water  containing  precipitated  calcium  carbonate  in 
ision — 

CaCOj  +  H,0  +  2C1,  =  CaClj  +  CO,  +  2HC10. 

perties. — Pure  hypochlorous  acid,  free  from  water,  has 
been  obtained.  The  acid  produced  by  the  solution  in  water 
orine  monoxide,  has  a  pale  straw-yellow  colour,  and  a  very 
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characteristic  chlorous  smelL    Dilute  solutions  of  this  add 
moderately  stable,   while   more   concentrated    solutions 
undergo  spontaneous  decomposition. 

Hypochlorous  acid  is  a  powerful  oxidising  and  Ueadung 
as  it  readily  gives  up  its  oxygen,  and  is  resolved  into  h] 
acid — 

HCIO  =  HCl  +  O. 

As  an  oxidising  agent  it  is  twice  as  effective  as  an 
quantity  of  chlorine  in  chlorine  water,  for  two  atoms  of  chlorine  I 
here  necessary  for  the  liberation  of  one  atom  of  oxygen — 

CI,  +  H,0  =  2HC1  +  O. 

Hypochlorous  acid  is  decomposed  by  hydrochloric  acid, 
the  evolution  of  chlorine — 

HCIO  +  HCl  =  H,0  +  CV 

It  is  also  decomposed  by  silver  oxide,  oxygen  being  liberated— 

AgjO  +  2HC10  =  2AgCl  +  H,0  +  O,. 

The  salts  of  hypochlorous  acid  may  be  obtained  by  the  action  oT  -i 
the  acid  upon  the  hydroxides  of  the  metals  ;  thus —  ' 

HCIO  +  KHO  =  KCIO  +  H,0.  \ 

The  most  important  salt  of  this  acid  is  bleacking-powder  { 
Calcium  Salts). 


CHLOBIC  ACID. 

Formula,  HQOj. 

Mode  of  FormatioiL — This  compound  is  best  obtained,  bf 
decomposing  barium  chlorate  with  an  exact  equivalent  of  sulphoric 
acid,  previously  diluted  with  water — 

Ba(C103)j  +  H,S04  =  BaS04  +  2HC10^ 

The  clear  liquid  is  decanted  from  the  precipitated  barium  sul- 
phate, and  is  then  concentrated  by  evaporation  in  vacua 
The  strongest  acid  that  can  be  obtained  still  contains  80  per 


Perchloric  Acid  337 

sent,  of  water.  Attempts  to  concentrate  it  further,  result  in  its 
lecomposition  into  free  chlorine  and  oxygen,  with  the  formation  of 
perchloric  add  and  water. 

Properties. — The  strong  aqueous  acid  has  powerful  oxidising 
properties ;  many  organic  substances,  as  wood  or  paper,  are  so 
rapidly  oxidised  by  it  that  when  the  acid  is  dropped  upon  them 
they  are  frequently  inflamed. 

The  acid  even  in  dilute  solution  has  strong  bleaching  powers. 

The  salts  of  chloric  acid  are  far  more  stable  than  the  acid,  and 
•ome  of  them  are  of  considerable  technical  importance.  The 
chlorates  are  all  soluble  in  water,  and  all  yield  oxygen  on  being 
heated.  Chloric  acid  is  a  monobasic  acid ;  the  chlorates,  there- 
fore, have  the  general  formula  M'ClOj  and  M''(C108)2,  where  M' 
and  M'  stand  for  monovalent  and  divalent  metals  respectively. 

Of  all  the  chlorates,  potassium  chlorate,  KClOg,  is  by  far  the 
most  important    (See  Potassium  Compounds.) 


PEBCHLORIC  ACID. 

Fonnula,  HQO4. 

Mode  of  Formation. — Perchloric  acid  is  best  prepared,  by  the 
action  of  strong  sulphuric  acid  upon  potassiimi  perchlorate^ 

2KCIO4  +H,S04  =  KjS04  +  2HCIO4. 

Pure  and  dry  potassium  perchlorate  is  mixed  with  four  times  its 
weight  of  concentrated  sulphuric  add,  and  the  mixture  gently  dis- 
tilled in  a  small  retort  The  distillate  at  first  consists  of  perchloric 
add ;  but  as  the  operation  proceeds,  a  portion  of  the  perchloric  acid 
is  decomposed  into  lower  oxides  of  chlorine,  and  water,  and  the 
latter,  combining  with  the  first  portions  of  the  distillate,  forms  a 
white  crystalline  compound,  having  the  composition  HC104,H20. 
This  body,  when  gently  heated,  gives  off  perchloric  acid  ;  it  may, 
therefore,  be  employed  for  the  preparation  of  the  acid  in  a  state  of 
purity. 

Properties. — Perchloric  add  is  a  colourless,  volatile,  and  strongly 
fuming  liquid,  having  a  specific  gravity  of  1.782  at  15*.  It  is  an 
extremely  powerful  oxidising  substance ;  a  drop  of  the  liquid 
allowed  to  fall  upon  paper,  wood,  or  charcoal  is  instantly  decom- 
posed, sometimes  with  a  violent  explosion.     In  contact  with  the 
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skin  it  produces  most  painful  wounds  ;  when  allowed  to  drop  into 
water  it  produces  a  hissing  sound,  owing  to  the  eneigy  of  tbe 
combination. 

Perchloric  acid  cannot  be  preserved,  as  it  slowly  decomposes 
even  in  the  dark,  and  often  explodes  spontaneously. 

The  salts  of  this  acid  are  the  perchlorates,  of  which  the  most 
important  is  potassium  perchlorate ;  they  are  all  soluble  in  water. 

Ck)n8titution  of  the  Oxides  and  Ozyadds  of  Ohlozliie.— On  tbe  assomp- 
tion  that  chlorine  is  a  monovalent  element,  the  constitution  of  these  compoiiiA 
may  be  thus  represented : — 

Chlorine  monoxide,  Q  -  O  -  CL     I    Hypochlorous  acid,  Q  -O  -  H. 
Chlorine  peroxide,  CI-  0-0-.    I    Chloric  add.  Q-O-O-O-H. 

Perchloricacid,  a-O-O-O-O-H.  • 

It  is  possible,  however,  that  in  some  of  these  compounds  tbe  chlorine 
functions  as  a  trivalent  element,  and  that  these  compounds  have  a  oonstitutian 
similar  to  the  oxides  and  oxyacids  of  nitrogen,  thus-^ 


Chlorine  monoxide,  CI  -  O  -  CL 
Chlorine  peroxide.  — Cl^    | . 
Hypochlorous  acid,  CI  -  O  -  H. 


Nitrogen  monoxide,  N-O  -N. 
Nitrogen  peroxide, 
Hyponitrous  acid,  N  -  O  -  H. 


dde,  — n/|  . 


Chloric  acid 


/O  /O 

,  H-O-Cl^  I  .  Nitric  acid,  H  -O  -  N^  |  . 


Perchloric  acid,  H  - O  -  Q 


There  are  several  facts  which  point  to  the  belief  that  not  only  chlorine,  bat 
also  bromine  and  iodine,  are  capable  of  fulfilling  the  functions  of  a  trivalent 
element.  The  existence,  for  example,  of  such  a  compound  as  trichloride  of 
iodine,  IClj,  is  difficult  to  explain  on  any  other  assumption  than  that  iodine  is 
liere  a  trivalent  element. 

Indeed,  from  a  consideration  of  the  salts  of  periodic  acid,  some  chemists  anr 
in  favour  of  assigning  to  iodine  even  a  still  higher  valency,  and  of  regarding  it 
as  a  heptad  element  in  these  compounds  (see  Periodates,  page  356).  The 
constitution  of  such  molecules  as  those  of  hydrofluoric  acid  at  low  temperatures, 
namdy,  H2F0,  and  of  the  acid  fluoride  of  potassium,  HF,KF,  is  readily 
understood  if  we  regard  the  fluorine  as  functioning  in  these  compounds  as  a 
trivalent  element,  thus — 


H-F  =  F-H,  andH-F  =  F-K. 
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BROMINE. 

Symbol,  Br.    Atomic  weight  =  79.76.     Molecular  weight  =  159.52. 

Vapoiir  density  =  79.76. 

History. — ^This  element  was  discovered  by  Balard  (1826),  in  the 
mother-liquor  obtained  after  the  crystallisation  of  salt  from  con- 
centrated sea-water.  He  applied  the  name  bromine  (signifying  a 
stench)  to  the  element,  in  allusion  to  its  unpleasant  smell. 

Oeeurrenee. — Bromine  is  never  found  in  the  uncombined  state 
in  nature.  In  combination  chiefly  with  the  metals  potassium, 
soditmi,  and  magnesium,  it  occurs  in  small  quantities  in  all  sea- 
water,  and  more  abundantly  in  many  mineral  waters  and  salt 
springs.  The  saline  deposits  of  Stassfurt  contain  notable  quantities 
<^  bromides,  and  the  m^n  supply  of  bromine  for  the  market  is 
manu&ctured  from  this  source. 

Modes  of  Formatioil. — (i.)  Bromine  may  be  obtained  from  a 
bromide  by  displacement  with  chlorine.  If  to  a  solution  of  mag- 
nesiimi  bromide,  chlorine  water  is  added,  the  chlorine  combines 
with  the  magnesitmi  and  the  bromine  is  liberated — 

MgBr,  +  CI,  =  MgCl,  +  Brj. 

On  distilling  the  liquid  the  bromine  is  driven  off,  and  can  be 
collected  in  a  well-cooled  receiver.  The  addition  of  any  excess  of 
chlorine  results  in  the  formation  of  bromide  of  chlorine,  and  is 
therefore  to  be  avoided. 

(2.)  Bromine  is  readily  obtained  from  potassium  bromide  by  the 
ac^on  of  manganese  dioxide  and  sulphuric  acid,  a  reaction  exactly 
analogous  to  that  by  which  chlorine  is  obtained  from  sodium 
chloride — 

8KBr  -I-  MnO,  +  SHjSO^  =  MnS04  +  K2SO4  -H  2H,0  +  Br^ 

The  mixture  is  gently  distilled  from  a  retort  into  a  receiver  kept 
<old  by  means  of  ice. 

(3.)  Manofacturillg  Methods.— Practically  all  the  bromine 
that  is  required  at  the  present  day,  is  manufactured  from  crude 
xamallite  obtained  at  Stassfurt  (see  Alkali  Metals).  This  salt 
t:ontains  bromine  combined  with  magnesium,  the  magnesium 
bromide  forming  about  i  per  cent  of  the  magnesium  chloride  in 
the  crude  substance.    The  final  mother  liquors  from  the  manufac- 
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ture  of  potassium  chloride,  and  which  were*fonneily  nin  to  waste, 
are  found  to  contain  about  .25  per  cent  of  bromine  as  magnesium 
bromide,  and  these  liquors  are  now  utilised  for  the  manuflEicture  of 
bromine. 

The  bromine  is  liberated  from  its  combination  with  magnesium, 
by  means  of  chlorine.  In  some  processes,  the  mother  liquor  is 
mixed  with  manganese  dioxide  and  sulphuric  add  in  a  stone  vessel 
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Fig.  100. 

resembling  an  ordinary  chlorine  stilL  The  magnesium  chloride  in 
the  liquor,  is  acted  upon  by  the  manganese  dioxide  and  sulphuric 
acid  with  the  evolution  of  chlorine,  and  this  decomposes  the 
bromide  present,  displacing  the  bromine — 

MgCl,  +  MnOj  +  2HjS04  =  MnS04  +  MgS04  +  2H,0  +  CI,. 

MgBr,  +  CI,  =  MgCl,  +  Brj|. 

The  bromine  that  is  driven  out,  is  condensed  by  means  of  a  wonii 
condenser. 


Bromint 
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InsteadofthecUonnebcin^  generated  within  the  motber  liquor, 
it  is  now  more  usually  produced  in  a  separate  chlorine  still,  and 
passed  into  the  liquor.  Fig.  100  shows  in  diagrammatic  form  the 
method  employed.  The  hot  mother  liquor  is  admitted  hy  the  pipe 
A  into  the  tower  T,  which  is  filled  with  earthenware  balls,  between 
which  the  liquid  percolates.  It  leaves  the  tower  by  the  pipe  B, 
and  flows  into  the  tank  W,  which  is  provided  with  shelves  in  such 
a  way  that  the  liquid  must  circulate  through  it  in  the  direction 
indicated  by  the  arrows.  The  exit  pipe  from  this  tank,  empties 
into  a  waste,  placed  at  such  a  height  that  the  tank  is  always  nearly 
full  The  liquid  in  the  tank  is  kept  at,  or  near,  the  boiling'point,  by 
means  of  a  current  of  steam  blown  in  through  S.     Chlorine  from  a 


still  is  admitted  by  the  pipe  L,  and  passing  into  the  tower  by  the 
pipe  B,  travels  in  an  opposite  direction  to  the  current  of  liquid. 
As  the  chlorine  passes  up  the  tower,  it  meets  the  descending  mother 
liquor,  and  decomposes  the  magnesium  bromide  contained  in  it 
with  the  liberation  of  bromine.  The  bromine  vapour  leaves  the 
tower  by  the  pipe  C,  and  is  conveyed  to  a  worm  (Fig.  loi),  where  it 
is  condensed  Any  bromine  which  dissolves  in  the  water  in  the 
lower,  is  again  expelled  from  solution  by  the  steam  as  the  liquid  tra- 
verses the  tank  W,  and  is  swept  up  into  the  tower  by  the  current  of 
chlorine.  The  condensed  bromine,  as  it  leaves  the  worm,  is  collected 
in  a  tubulated  boitle,  and  Any  vapour  which  esca'pes  con&cn^vtni 
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is  arrested  by  the  vessel  F,  Fig.  loi.  This* tube  is  filled  with  iron 
borings,  kept  moist  by  the  constant  dropping  of  water  upon  them, 
and  any  bromine,  or  bromide  of  chlorine,  is  there  converted  into 
iron  compounds,  which  are  dissolved  by  the  water,  and  flow  away 
into  the  receiver.    The  bromine  is  purified  by  redistillation. 

Properties. — Bromine  is  a  heavy  but  mobile  liquid,  of  a  deep 
reddish-brown  colour.  Except  in  extremely  thin  layers  it  is  opaque. 
It  is  the  only  non-metallic  element  which  is  liquid  at  the  ordinary 
temperature.  Bromine  boils  at  59*,  but  being  a  very  volatile  liquid 
it  gives  off  vapour  rapidly  at  the  ordinary  temperature.  A  drop  of 
bromine  allowed  to  fall  into  a  flask,  immediately  evaporates  and 
fills  the  vessel  with  a  dark  red-brown  vapour.  The  specific  gravity 
of  the  liquid  at  0°  is  3.18&  At  -  7*  bromine  solidifies  to  a  crystal- 
line mass.  Bromine  has  a  powerful  and  disagreeable  smell.  When 
the  vapour,  largely  diluted  with  air,  is  inhaled,  it  suggests  chlorine 
by  its  smell  and  by  its  action  upon  the  mucous  membrane  of  the 
throat  and  nose ;  it  has  in  addition,  however,  a  most  irritating 
action  upon  the  eyes.  It  is  very  poisonous,  and  the  liquid  exerts  a 
corrosive  action  upon  the  skin  ;  it  produces  a  yellow  colour  when 
brought  in  contact  with  starch. 

The  vapour  density  of  bromine,  taken  at  moderately  high  tem- 
peratures, gradually  becomes  less  than  is  demanded  by  the  formula 
Br^,  showing  that  dissociation  takes  place.  In  the  case  of  bromine 
this  is  more  marked  than  with  chlorine. 

Bromine  is  soluble  in  water,  imparting  its  own  colour  to  the 
solution  which  is  known  as  bromine  water,  100  grammes  of  water 
at  0°  dissolve  3.60  grammes  of  bromine.  The  solubility  steadily 
diminishes  as  the  temperature  rises  :  at  20*  it  is  3.208,  and  at  30* 
it  is  3.126. 

When  bromine  water  is  cooled  to  o"  it  deposits  a  crystalline 
hydrate  similar  in  composition  to  the  hydrate  of  chlorine,  Br^jlOHjO. 

Bromine  resembles  chlorine  in  its  chemical  attributes ;  it  com- 
bines directly  with  metals  and  many  other  elements,  although  with 
less  energy  than  is  exhibited  by  chlorine.  A  fragment  of  arsenic, 
for  example,  when  dropped  upon  bromine,  ignites  and  bums  upon 
the  surface  of  the  liquid. 

Like  chlorine,  it  has  bleaching  properties,  due  to  its  power  of 
combining  with  hydrogen. 
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HTDSOBROMIC  ACID. 

Formula,  HBr.    Molecular  weight  =  80.76.     Density  =  40.38. 

Modes  of  Formation. — (i.)  Hydrobromic  acid  can  be  obtained 
by  the  direct  union  of  its  elements.  Bromine  vapour  and  hydrogen, 
when  mixed,  do  not  combine  under  the  influence  of  light ;  neither 
does  such  a  mixture  explode  when  a  light  is  applied  to  it.  The 
mixture,  however,  may  be  caused  to  bum,  when  hydrobromic  acid 
is  fonned ;  or,  if  the  mixed  gases  be  passed  through  a  red-hot  tube, 
the  same  result  follows.  A  simple  method  of  preparing  hydro- 
bromic acid  synthetically,  consists  in  passing  a  mixture  of  hydrogen 
and  bromine  vapour  over  a  spiral  of  platinum  wire,  maintained  at  a 
red  heat  by  means  of  an  electric  current* 

(2.)  The  best  method  for  the  preparation  of  gaseous  hydrobromic 
add,  consists  in  dropping  bromine  upon  red  phosphorus  which  has 
been  moistened  with  a  small  quantity  of  water,  when  tribasic 
phosphoric  acid  is  formed,  and  hydrobromic  acid  is  liberated — 

P  +  4HjO  +  5Br  =  H3PO4  -H  5HBr. 

We  may  suppose  that  in  this  reaction  the  bromides  of  phosphorus 
are  formed  and  simultaneously  decomposed,  the  action  of  water 
upon  these  compounds  being  thus  expressed — 

FBrs  -H  3HjO  =  H3POS  +  3HBr. 
FBrj  -H  4H,0  =  H3PO4  -H  5HBr. 

(3.)  Hydrobromic  acid  may  be  obtained  by  the  action  of  phos- 
phoric acid  upon  potassium  bromide — 

3KBr  +  H3PO4  =  K3PO4  +  3HBr. 

(4.)  If  sulphuric  acid  be  employed  (as  in  the  formation  of  hydro- 
chloric acid  from  a  chloride),  free  bromine  is  simultaneously  pro- 
duced, OH-ing  to  the  reduction  of  a  portion  of  the  sulphuric  acid 
by  the  hydrobromic  acid  which  is  first  evolved,  thus— 

H^O*  +  2HBr  =  SOj  +  2H,0  +  Br^ 

(5.)  A  dilute  aqueous  solution  of  hydrobromic  acid  may  also  be 

♦  S«  " Cbemicai  Lecture  Experiments"  No,  w^ 
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obtained  by  passing  a  stream  of  sulphuretted  hydrogen  through 
bromine  water — 

SH,  +  Br,  -  S  +  2HBr. 

(6.)  Hydrobromic  acid  is  readily  obtained,  by  the  action  of 
bromine  upon  certain  hydrocarbons,  such  as  turpentine  or  mehed 
paraffin.  The  action  is  one  of  substitution,  one  atom  of  bromine 
replacing  one  atom  of  hydrogen  in  the  compound,  and  the  hydrogen 
so  displaced  combining  with  a  second  bromine  atom  to  form  hydro- 
bromic acid.  Thus,  if  the  hydrocarbon  be  represented  by  the 
general  formula,  CnHsn  -i-  %  the  action  of  bromine  will  be  repr^ 
sented  thus — 

CnH2n  +  2  +  Br,  »  CnH2ii  +  iBr  +  HBr. 

PFOperties. — Hydrobromic  acid  is  a  colourless,  pungent-smd- 
ling  gas,  which  fumes  strongly  in  the  air.  It  is  extremely  soluble 
in  water,  forming  an  acid  liquid  strongly  resembling  aqueous 
hydrochloric  acid 

When  boiled,  this  solution  loses  either  acid  or  water,  until  it 
reaches  a  degree  of  concentration  at  which  it  contains  48  per  cent 
of  hydrobromic  acid.  The  acid  of  this  strength  then  continues  to 
boil  unchanged  at  1 26^  As  with  hydrochloric  acid,  the  strength 
of  the  liquid  which  boils  at  a  constant  temperature,  depends  upon 
the  pressure. 

Hydrobromic  acid  is  decomposed  by  chlorine,  with  the  liberation 
of  bromine — 

2HBr  +  CI,  =  2HC1  +  Brj^. 

In  its  chemical  behaviour,  hydrobromic  acid  closely  resembles 
hydrochloric  acid,  and  this  resemblance  is  extended  to  the  bromides. 
All  bromides  are  soluble  in  water,  except  mercurous  bromide, 
silver  bromide,  and  lead  bromide,  the  latter  being  slightly  soluble. 


OXY ACIDS  OF  BROMINE. 

No  oxides  of  bromine  corresponding  with  the  oxides  of  chlorine 
have  as  yet  been  obtained ;  two  oxyacids,  however,  are  known, 
viz. — 

Hypobromous  acid  .        .        .     HBrO. 

Bromic  acid   ,        .        .        .        ,     HBrO|. 
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HTPOBBOMOUB  ACID. 

Formula,  HBrO. 

Mode  of  Fonnation* — An  aqueous  solution  of  hypobromous 
acid  may  be  obtained,  by  shaking  together  a  mixture  of  bromine 
water  and  precipitated  mercuric  oxide,  the  reaction  being  ana- 
logous to  that  by  which  hypochlorous  acid  is  prepared — 

HgO  +  H,0  +  2Br,  =  HgBr,  +  2HBrO. 

Properties. — Hypobromous  acid  is  an  unstable  compound ;  it 
breaks  up  on  distillation  into  oxygen  and  bromine.  By  heating  to 
40*  in  vacuo,  however,  it  can  be  distilled  without  decomposition. 
The  aqueous  liquid  so  obtained  has  a  pale  yellow  colour.  It 
readily  gives  up  its  oxygen,  and  is  a  strong  bleaching  agent ; 
when  heated  to  about  60*"  it  decomposes. 

BBOMIC    ACID. 

Formula,  HBrOa. 

• 

Modes  of  Formation. — (i.)  This  acid  is  only  known  in  aqueous 
solution  ;  in  this  form  it  may  be  obtained  by  the  action  of  bromine 
upon  silver  bromate  in  the  presence  of  water — 

SAgBrO,  +  3Br,  +  SHjO  =  5AgBr  +  6HBrOj. 

The  insoluble  silver  bromide  separates  out,  and  the  aqueous 
acid  can  be  decanted  from  the  precipitate. 

(3.)  A  solution  of  this  acid,  mixed  with  hydrochloric  acid,  is  also 
formed  when  chlorine  is  passed  through  bromine  water— 

Br,  +  6C1,  +  6HjO  =  lOHCl  +  2HBr03. 

(3.)  The  decomposition  of  barium  bromate  by  the  requisite 
weight  of  sulphuric  acid,  affords  the  best  method  for  the  preparation 
of  a  pure  aqueous  solution  of  bromic  acid — 

Ba(BrO,),  +  HJSO4  =  BaS04  +  2HBrOj. 

Properties. — Bromic  acid  is  an  unstable,  strongly  acid  sub- 
stance, closely  resembling  chloric  acid  The  aqueous  solution 
may  be  concentrated  in  y^cuo  until  it  cont^ns  about  ^o  ^x  c^tvv 
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of  bromic  acid,  representing  a  composition  of  i  molecule  of  the 
acid  to  7  of  water.  Beyond  this  degree  of  concentration,  or  if 
heated  to  loo*",  the  acid  decomposes  into  bromine,  oxygen,  and 
water. 

The  bromates  are  formed  by  reactions  similar  to  those  by  which 
the  chlorates  are  produced  ;  thus,  by  adding  bromine  to  a  solution 
of  potassium  hydroxide,  a  mixture  of  potassium  bromide  and 
bromate  is  obtained — 

6KH0  +  3Br,  =  6KBr  +  KBrOj  +  3HjO. 

And  the  two  salts  can  be  separated  by  crystallisation,  owing  to  the 
greater  solubility  of  the  bromide. 

The  bromates  decompose  on  being  heated,  some  with  the 
liberation  of  oxygen  and  formation  of  bromide — 

KBrOs  =  KBr  +  30, 

but  without  the  intermediate  production  of  a  perbromatc.  Others 
give  off  their  bromine  as  well  as  a  part  of  the  oxygen  they  contain, 
leaving  the  metal  in  combination  with  oxygen — 

MgCBrOg),  =  MgO  +  Bra  +  50. 


IODINE. 

Symbol,  I.    Atomic  weight  =  126.54.     Molecular  weight  =  253.08. 

Vapour  density  =  126.54. 

History. — Iodine  was  discovered  by  Courtois  (181 2),  who  ob- 
served that  a  beautiful  violet  vapour  was  evolved,  during  his 
endeavours  to  prepare  nitre  from  liquors  obtained  by  lixiviating 
the  ashes  of  burnt  seaweed.  The  substance  was  subsequently 
investigated  by  Gay-Lussac. 

Occurrence.— Like  all  the  other  members  of  this  group  of 
elements,  iodine  is  never  found  in  nature  in  the  uncombined  con- 
dition. In  combination  it  occurs  associated  principally  with 
potassium,  sodium,  magnesium,  and  calcium,  as  iodides  and 
iodates. 

Iodine  is  a  widely  distributed  element,  although  not  occurring 
in  more  than  small  quantities  in  any  particular  source.  Thus  it  is 
found  in  small  quantities  in  sea-water  and  in  both  marine  plants 
and  animals.    The  amount  of  iodine,  in  s.eaweed,  varies  wit)i  difiic: 
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rent  p!.nU-  ;    -cncnilly  speiikiiiL;,  those  from  L;rcatcr  depths,  contain 
more  than  weeds  which  grow  in  comparatively  shallow  waters. 

Tw w    A.  '  Pe"^  Cent,  of 

^^  Weeds.  I^i„^ 

Drift  weed  \  Laminaria  digitata  (stem)         .  0.4535 

( Laminaria  stenophylla      .        .  0.4777 

{Fucus  serratus ....  0.0856 

Ascophyllum  nodosum  .  0.0572 
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Iodine  is  also  found  in  small  quantities  in  many  mineral  waters 
and  medicinal  springs. 

In  small  quantities  iodine  is  present  in  the  natural  sodium  nitrate 
of  Chili  and  Peru,  known  as  Chili  saltpetre,  and  at  the  present  day 
this  constitutes  the  most  abundant  source  of  this  element. 

Mode  of  Formation. — Iodine  may  be  readily  obtained  by  a 
precisely  similar  reaction  to  that  by  which  both  bromine  and 
chlorine  are  produced ;  thus,  if  potassium  iodide  be  mixed  with 
manganese  dioxide  and  sulphuric  acid,  and  the  mixture  gently 
heated  in  a  retort,  iodine  distils  over  and  condenses  in  the  form  of 
greyish  black  crystals — 

SKI  +  MnO,  +  2H,S04  ="  KjSO*  +  MnSO*  +  2H,0  +  I,. 

Hanufacturing  Processes.— On  an  industrial  scale  iodine  is 
obtained  from  two  sources,  namely,  from  seaweed  and  from  caliche 
(Chili  saltpetre). 

(i.)  From  seaweed.  The  weeds  chiefly  employed,  are  the  Lami- 
naria  digitata  and  Laminaria  stenophylla.  The  weed  is  burnt  in 
shallow  pits,  care  being  taken  to  avoid  too  high  a  temperature  ;  the 
maximum  yield  of  iodine  being  obtained  if  the  ash  is  not  allowed 
to  fuse.  This  ash  is  technically  known  as  kelp^  and  if  the  weed  is 
properiy  burnt,  it  should  yield  a  kelp  containing  from  25  to  30  lbs. 
of  iodine  per  ton.  The  kelpers,  however,  usually  lose  about  half 
the  iodine  on  account  of  burning  the  weed  at  too  high  a  tempera- 
tore,  thereby  fusing  the  ash  into  a  hard  slag,  instead  of  obtaining 
a  porous  residue.  * 

An  improved  process  of  carbonising  the  weed,  was  introduced  by 
Stanford  (1863),  in  which  it  was  heated  in  large  retorts,  whereby 
the  volatile  products  of  the  distillation,  consisting  largely  of  tar 
and  ammoniacal  liquor,  could  be  collected.  The  kelp  obtained 
by  this  method  is  in  a  very  porous  condition,  and  contains  the, 
whoU  of  the  iodine  oiijji^aJJ^  preseAt  ia  the  weed. 
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A  still  more  recent  process  for  extractinf^  the  iodine  fioiT\iti- 
weed,  and  at  the  same  time  obtaining  other  useful  materials,  bas 
since  been  discovered  by  Stanford.  The  weed  is  boiled  iiil\ 
sodium  carbonate  and  filtered  :  the  residue  consists  of  a  substanot] 
called  algulose.  Hydrochloric  acid  is  added  to  the  filtered  tiqAl 
which  precipitates  a  compound  known  as  alginic  acid^  and  im 
is  again  separated  by  filtration.  The  liquor  is  neutralised  «i&{ 
sodium  hydrate,  evaporated  to  dryness  and  carbonised.  Tk^ 
residue,  which  is  known  as  "kelp  substitute,"  contains  all  tlc^ 
iodine,  as  well  as  the  potash  salts,  and  should  yield  about  30  Ib& 
of  iodine  per  ton. 

[The  alginic  acid  obtained  in  this  process,  is  purified  and  converted  intoik 
sodium  salt,  which  constitutes  the  commercial  "  algin,"  a  material  of  1 
ous  or  albuminous  nature  which  has  lately  been  put  to  a  numtxr  of 
applications.] 


The  kelp  obtained  by  either  of  these  methods,  is  lixiviated 
water  in  large  iron  vats,  whereby  all  the  soluble  salts  are 
This  aqueous  liquid  is  concentrated  in  large  open  boiling  pn% 
and  the  less  soluble  salts,  viz.,  the  alkaline  sulphates,  caiixnata; 
and  chlorides,  are  allowed  to  crystallise.  The  mother  liqoor  is 
then  mixed  with  sulphuric  acid  and  allowed  to  stand.  The  sul- 
phuric acid  decomposes  any  sulphides  and  sulphites  which  may 
be  present,  with  the  separation  of  sulphur ;  it  also  converts  the 
bromides  and  iodides  into  the  corresponding  sulphates,  nith  the 
liberation  of  hydrobromic  and  hydriodic  acids  which  remain  in 
solution,  while  the  alkaline  sulphates  are  deposited  from  the  liquid, 
and  are  technically  known  as  plate  sulphate.  The  liquor  is  then 
transferred  to  the  iodine  stilly  which  is  an  iron  pot  furnished  with 
a  leaden  cover  into  which  two  exit-pipes  are  fixed  (Fig.  102). 
These  are  connected  to  a  series  (usually  ten  in  each  row)  of  laige 
earthenware  jars  or  aludels,  A  gentle  heat  is  applied,  and 
manganese  dioxide  is  introduced  from  time  to  time  through 
the  opening.  The  iodine  is  evolved  according  to  the  following 
equation — 

2HI  +  MnOa  +  HJSO4  =  MnS04  +  2H2O  +  !„ 

and  condenses  in  the  jars.  These  vessels  are  also  furnished  with  a 
tubulus  upon  their  under  side,  so  that  the  water  which  is  evolved 
during  the  distillation  can  drain  out,  and  run  off  down  the  trough  in 
which  the  jars  are  resting. 


Iodine 


349 


(i)  Frvm  CkiH  stUipttrt.    The  crude  sodium  nitrate  of  Chili 

ri  Ptni,  Icnown  u  ealicke,  contains  small  quantities  of  iodine, 

I  sodium  iodate.     Although  the  amount  of  iodine  in 

e  i>  only  very  small,  averaging  about  0.2  per  cent.,  in  view 

5  quantity  of  nitrate  (hat  is  turned  out,  the  aggre- 

it  of  iodine  is  very  great    This  iodine  is  now  extracted, 

lldie  Mipply  of  this  element  that  is  now  manufactured  from  this 

^  is  more  than  the  total  consumption  of  iodine  in  the  whole 

The  process  is  based  upon  the  fact,  that  when  a  solution 


af  hydrogen  sodium  sulphite  (sodium  bisulphite)  is  added  to  a 
Mbtion  of  an  iodate,  iodine  is  precipitated,  thus — 

SSalO,  +  5NaHS0g  =  3NaHS0,  +  SNa^O,  +  H,0  +  I^ 

Ihe  final  mother  liquor  from  the  sodium  nitrate,  or  caliche,  in 
4idi  all  the  iodate  has  concentrated,  contains  as  much  as  32 
fer  cent  of  this  salt  This  liquor  is  mixed  wilh  the  requisite 
pRiponion  of  the  hydrogen  sodium  sulphite  solution,  in  large  lead- 
lioed  vats,  and  the  precipitated  iodine  allowed  to  settle.  It  is 
tba  washed  and  pressed  into  blocks,  and  is  found  to  contain 
frnn  So  to  85  per  cent  of  iodine.  This  impure  product  is  then 
billed  at  a  gentle  heat  firom  iron  retorts,  the  vapour  being  con- 
densed in  a  series  of  earthenware  receivers  much  as  in  the  older 


hvpertles. — Iodine  is  a  bluish-black  shining  solid,  somewhat 
RKmbling  graphite  in  lustre  and  general  outward  appearance.    Ii 
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crystallises  in  large  brilliant  plates,  which  have  a  specific  gnwity 
of  4.95.  When  heated  to  107*  iodine  melts,  and  gives  offvapov 
having  a  beautiful  violet  colour.     Its  boiling-point  is  about  175*. 

Iodine  vaporises  slowly  at  ordinary  temperatures,  and  sublimes 
from  one  part  to  another  of  a  bottle  in  which  a  small  quantity  of 
it  is  contained.  The  smell  of  iodine  vapour  is  somewhat  irritating 
and  unpleasant,  recalling  the  smell  of  moderately  diluted  chlorine 
When  iodine  vapour  is  heated,  it  passes  from  a  violet  colour  to  a 
deep  indigo  blue.*  This  change  in  the  colour  is  accompanied 
by  a  diminution  of  the  vapour  density.  Up  to  a  temperature  of 
700*"  the  density  of  iodine  corresponds  to  the  formula  I^ :  as  the 
temperature  is  raised  the  density  gradually  diminishes,  until  at 
1468  it  is  reduced  to  less  than  two- thirds.  At  this  point,  73.1  per 
cent,  of  the  iodine  molecules  have  become  dissociated  into  single 
atoms. 

Iodine  is  slightly  soluble  in  water,  i  granmie  of  io^ne  being 
dissolved  by  5.524  litres  of  water  at  10®.  This  dilute  solution, 
however,  has  a  perceptible  brown  colour.  Iodine  is  freely  soluble 
in  aqueous  potassium  iodide  solution,  in  alcohol,  ether,  and  aqueous 
hydriodic  acid  ;  in  all  these  solvents  it  dissolves  to  a  dark  reddish 
brown  solution.  In  chloroform,  carbon  disulphide,  and  many 
liquid  hydrocarbons,  iodine  is  also  soluble,  but  in  these  solvents 
it  dissolves  to  a  deep  violet  solution,  resembling  the  colour  of  the 
vapour. 

When  iodine  is  brought  in  contact  with  starch,  it  forms  an 
intense  blue  colour.  This  reaction  is  so  extremely  delicate,  that 
it  is  capable  of  revealing  the  minutest  trace  of  iodine.  The  exact 
nature  of  this  blue  compound  is  not  known.  The  colour  disappears 
when  the  liquid  is  heated  to  about  80°,  but  returns  on  cooling; 
continued  boiling  destroys  it  permanently. 

In  its  chemical  relations  iodine  resembles  chlorine  and  bromine, 
but  with  a  lesser  degree  of  energy.  Both  these  elements  are 
capable  of  displacing  iodine  from  its  combinations  with  electro- 
positive elements,  thus — 

KH-  Br  =  KBr  +  I. 
KI  +  CI  =  KCl  +  I. 

Iodine  combines  with  many  elements,  both  metals  and  non- 
metals  forming  iodides.  Phosphorus,  when  brought  in  contact 
with  iodine,  at  once  melts  and  inflames  ;  antimony  powder  dropped 

*  "Chemical  Lecture  Experiments,"  Na  224. 
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into  iodine  vapour  also  ^rantaneously  inflames.  When  mercury 
aad  iodine  are  sebtly  heated,  cneigetic  combination  takes  place, 
and  mercuric  iodide  is  formed. 


KTDEIODIC  ACID. 
Formola,  HL    M<dccDUr  weighl  ^  127. 54.     Densily  s^  355.08. 

■odes  of  FOPmatioi) (t.)  Hydriodie  acid  can  be  obtained 

synthetically,  by  passing  a  mixture  of  hydn^en  and  iodine  vapour 
over  strongly  heated,  finely  divided  platinum. 

(:.)  It  is  also  obt^ned  by  the  action  of  phosphoric  acid  upon 
socUum  or  potassiim)  iodide — 

3KI  +  HiPO«  -  K,PO(  +  3HI. 
As  in  the  case  of  the  corresponding  bromine  compound,  sul- 


phuric acid  cannot  be  employed,  as  by  its  action  upon  the  iodide, 
iodine  and  sulphur  dioxide  are  liberated,  thus— 

SKI  +  3H^O,  -  SHKSO,  +  SHjO  +  SO,  +  I,. 
(3.)  Hydriodie  acid  is  most  readily  prepared,  by  the  action  of 
phosphorus  upon  iodine  in  the  presence  of  water — 
P  +  61  +  4H,0  =  H.POj  +  6HI. 
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The  red  phosphorus  and  iodine  for  this  reaction  may  be  placed 
in  a  dry  flask,  and  water  gradually  dropped  upon  the  mixture,  wfaea 
hydriodic  acid  is  rapidly  evolved.  The  gas  is  allowed  to  pasi 
through  a  U-tube  containing  red  phosphorus,  in  order  to  arrest  any 
iodine  vapour  which  may  accompany  it  Hydriodic  acid  may  be 
collected  over  mercury  or  by  displacement,  as  shown  in  Fig.  103. 

Properties. — Hydriodic  acid  is  a  colourless,  pungent-smelling 
gas,  which  fumes  strongly  on  coming  into  the  air.  The  gas  is 
readily  decomposed  by  heat  into  hydrogen  and  iodine.  Thus,  if  a 
heated  wire  be  thrust  into  the  gas,  or  if  a  spiral  of  platinum  wire 
be  heated  in  the  gas  by  means  of  an  electric  current,  the  violet 
vapour  of  iodine  at  once  makes  its  appearance. 

When  mixed  with  chlorine,  hydriodic  acid  is  at  once  decomposed, 
with  the  liberation  of  iodine,  thus — 

2HI  +  CI,  =  2HC1  +  I,. 

Hydriodic  acid  is  one  of  the  most  readily  liquefied  gases ;  at 

o*,  and  under  a  pressure  of  four  atmos- 
pheres, it  condenses  to  a  colourless 
liquid. 

The  gas  is  extremely  soluble  in  water. 
An  aqueous  solution  of  it  is  readily  pro- 
duced, by  allowing  the  gas,  obtained 
by  the  method  of  preparation  above  de- 
scribed, to  pass  into  water.  In  order  to 
prevent  the  water  from  being  drawn  back 
into  the  generating  flask,  it  is  convenient 
to  pass  the  gas  through  a  retort  arranged 
in  the  position  seen  in  Fig.  104.  Should 
there  be  any  back  rush  of  water,  owing 
to  the  intermission  of  the  evolution  of 
gas  in  the  apparatus,  the  liquid  in  the 
beaker  will  be  drawn  up  into  the  retort 
and  there  lodge,  leaving  the  end  of  the  neck  open  to  the  air. 

A  saturated  aqueous  solution  of  hydriodic  acid  at  o*  has  a 
specific  gravity  of  2.  At  the  ordinary  pressure  the  strongest  acid 
that  can  be  obtained  by  distillation  has  a  specific  gravity  of  1.67, 
and  contains  57.7  per  cent,  of  hydriodic  acid.  This  solution  boils 
at  1 27*.  As  in  the  case  of  the  corresponding  bromine  and  chlorine 
compounds,  the  particular  strength  of  acid  which  has  a  constant 
boiling-point,  is  a  function  of  the  pressure. 


Fig.  104. 
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Aqueous  hydriodic  add,  when  freshly  prepared,  is  colourless  ;  but 
it  rapidly  turns  brown,  owing  to  the  oxidation  of  the  compound, 
and  the  solution  of  the  liberated  iodine  in  the  acid — 

4HI  +  O,  -  2HsO  +  21^ 


OXIDE  AND  OXY ACIDS  OP  IODINE. 

One  compound  ci  iodine  with  oxygen  is  known,  and  two  oxy- 
vix. : — 

Iodine  pentoxide ....    I^O^ 

Iodic  add HIOj. 

Periodic  add  .     HIO4. 

lODIHB  PBHTOZIDE  {ImHc  Anhydride). 
Formula,  I^Os. 

Mode  of  FbrmatloiL— When  iodic  acid  is  heated  to  170%  it 
loses  water  and  is  converted  into  the  gentoxide— 

2HI0.  =  H,0  +  lA- 

Properties. — Iodine  pentoxide  is  a  white  crystalline  solid  body. 
It  is  soluble  in  water,  combining  with  a  molecule  of  the  water  to 
fonn  iodic  add.  Iodine  pentoxide  is  more  stable  than  any  of  the 
oxides  of  the  other  halogens  ;  but,  when  heated  to  a  temperature  of 
}oo%  it  decomposes  into  its  elements. 

IODIC  ACID. 

Formula,  HlOt. 

Modes  of  Formation.— ( I.)  Iodic  add  can  be  prepared  by 
adding  to  a  solution  of  barium  iodate  the  requisite  amount  of 
sulphuric  add  demanded  by  the  equation — 

Ba(IO,),  +  H^O*  =  BaS04  +  2HI08. 

The  aqueous  solution  of  iodic  add  is  decanted  from  the  preci- 
pitated barium  sulphate,  and  may  be  concentrated  at  100°  without 
bdng  decomposed.  . 

(2.)  When  chlorine  is  passed  through  water  in  which  powdered 
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iodine  is  suspended,  a  mixture  of  iodic  acid  and  hydrochloric 

is  produced — 

3H,0  +  I  +  6C1  =  6HC1  +  HIO,. 

The  hydrochloric  acid  may  he  removed  hy  the  addition  of  preci- 
pitated silver  oxide  to  the  solution,  and  separating  the  precipitated 
silver  chloride  by  filtration. 

(3.)  Iodic  acid  is  most  conveniently  prepared  by  heating  iodine 
with  nitric  acid,  whereby  the  iodine  is  oxidised,  and  a  mixture  of 
oxides  of  nitrogen  is  evolved  as  dense  red  vapours — 

3HNOs  +  I  =  HlOg  +  H,0  +  N,0,  +  NO,. 

PropePties. — Iodic  acid  is  a  white  crystalline  solid,  soluble  in 
water.  The  aqueous  solution  shows  an  acid  reaction  with  litmus^ 
but  the  colour  is  ultimately  discharged  by  the  bleaching  action  of 
the  compound.  Iodic  acid  does  not  form  any  blue  colour  witb 
starch  ;  being,  however,  an  oxidising  substance,  it  readily  gives  up 
oxygen  to  such  reducing  agents  as  sulphur  dioxide,  sulphuretted 
hydrogen,  or  hydriodic  acid,  with  the  liberation  of  iodine,  thus — 

2HIO3  +  4HjO  +  5SOj  =  5H,S04  +  If 
2HIO3  +  5HjS  =  5S  +  eHjO  +  Ij. 
HIO3  +  6HI  =  3H20  +  318. 

If,  therefore,  a  small  quantity  of  sulphurous  acid  be  added  to  a 
dilute  solution  of  iodic  acid,  previously  mixed  with  starch,  the  blue 
iodide  of  starch  will  be  formed-  This  reaction  affords  an  excellent 
illustration  of  the  time  required  for  certain  chemical  changes  to  go 
forward.  It  is  readily  possible  to  obtain  an  interval  of  30  to  60 
seconds  between  the  addition  of  the  sulphurous  acid  and  appear- 
ance of  any  visible  result,  when  at  the  expiration  of  that  time  the 
whole  mass  of  the  liquid  suddenly  turns  blue.* 

lodates.— When  iodine  is  dissolved  in  potassium  hydroxide,  a 
mixture  of  potassium  iodide  and  iodate  is  produced,  by  an  analogous 
reaction  to  that  which  takes  place  with  either  bromine  or  chlorine— 

6KHO  +  31,  =  5KI  +  KIOs  +  3HjO. 

With  the  exception  of  the  iodates  of  the  alkali  metals,  the  iodates 
are  for  the  most  part  insoluble  in  water.     On  being  heated  they 

*  See  Experiment  237,  "  Chemical  Lecture  Experiments.*' 
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behave  in  a  nmilar  manner  to  the  bromates,  some  being  decom- 
posed into  an  iodide  and  oxygen,  while  others  leave  a  metallic 
ojdde  and  evolve  iodine  as  well  as  oxygen.  The  alkaline  iodates 
are  capable  of  uniting  with  iodic  acid,  forming  salts  which  are 
termed  €uui  and  dt-add  iodates,  thus — 

Normal  potassimn  iodate    .  .     KIO,. 

Add  potassimn  iodate  .    KIOsyHIO,. 

Di-acid  potassium  iodate    .  .    KI0a,2HI0,. 

PERIODIC  ACID. 

Fonnuk,  HI04.2H,0  or  Yi^\0^ 

Modes  of  Formation. — (i.)  The  compomid  represented  by  the 
formula  HI04has  never  been  obtained;  when  aqueous  solutions 
ti  periodic  add  are  evaporated,  the  compound  which  crystallises 
out  has  the  composition  HI04,2H,0,  or  HglOe. 

It  may  be  obtained  by  boiling  silver  periodate  with  water,  when 
an  insoluble  basic  silver  salt  is  produced — 

SAglO*  +  4H,0  =  AgjHsIOe  +  HI0^2HjO. 

The  sihrer  periodate  is  prepared  by  passing  chlorine  into  an  aqtieous  solu- 
tioo  o#  sodium  iodate  and  sodium  hydroxide,  when  the  sparingly  soluble 
disodium  periodate  separates  out — 

NalO^  +  SNaHO  +  CI,  =  2NaCl  +  NaaHjIOf. 

This  sodium  salt  is  then  dissolved  in  nitric  acid,  and  silver  nitrate  added, 
whcieiay  AgI04  is  formed,  which  crystsdlises  out  on  concentration — 

f  2NasH,I0^  +  2HN0^  =  2NaNO,  +  4H,0  +  2NaI04. 
I       2NaI04  +  2AgN0^  =  2NaNO,  +  2AgI04. 

(2.)  Periodic  add  is  also  formed  by  the  addition  of  iodine  to 
an  aqueous  solution  of  perchloric  add — 

2HCIO4  +  2H,0  +  I,  =  Clj  +  2HI04,2H20. 

Properties. — The  add  having  the  composition  HI04,2H20 
is  a  colourless,  crystalline,  deliquescent  substance.  It  melts  at 
133%  and  at  150°  is  decomposed  into  iodine  pentoxide,  water,  and 
oxygen — 

2H5IO4  =  I A  +  SHjO  +  o,. 

The  add  cannot  be  converted  into  HIO4  by  heat,  for  oxygen  is 
evolved  as  sood  as  water  begins  to  be  given  ofL 
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TlM  PsElodatai  ooostitote  a  nanieroai  dass  of  nUi,  many  of  them  bdaf  ol 
a  highly  complex  oomposition.  On  the  asfompCioQ  that  iodiiie  b  mooovikBt 
in  these  oompoonds,  their  dassificatioo  is  somiewfaat  difficok,  and  thej  mottbe 
represented  as  associations  of  molecoles  of  salts  of  the  unknown  mono-bsaie 
periodic  add,  HIO4,  with  metalUc  oxide  and  water  in  variooi  proportiooi- 
thus,  the  silver  periodate  in  the  foregoing  eqnatioo,  AgtHsIO^  would  be 
expressed  by  the  formula,  2AgI04,Ag^.2H^. 

The  classification  of  these  compounds  is  mndi  simplified,  if  we  nqgard  iodiM 
as  here  functioning  as  a  beptavalent  dement  On  this  assumption  the  perio- 
dates  may  be  considered  as  the  salts  of  various  hypothetical  adds,  which  ir 
all  derived  firom  the  compound  I(HO)7  (itself  hypothetical)  by  the  withdraml 
of  varying  quantities  of  water.  Thus,  by  the  successive  removal  of  one  mofe- 
cule  of  water  the  following  three  adds  woold  be  ftamed — 

I(HO)7  -H^  =  IO(HO),  .  .  .  IVCV  (1.) 
IO(HO),  -  H,0  =  IO,(HO)*  .  .  .  IVQ,.  (a.) 
IO,(HO),  -  H^  =  IO,(HO)      .  .    HIO4.         (3.) 

From  these  three  adds  the  following  salts  may  be  regarded  as  hdnf 
derived — 

(I.)  Na,H,10e;  Ag,H,IOe;  Ag,IOii;  Ba.(IO|y^ 
(a.)  AgjIO,;  Pb,(IO,)» 
(3.)  KIO4;  AgI04. 

By  the  abstraction  of  one  molecule  of  water  firom  two  molecules  of  these 
acids,  still  more  complex  adds  would  be  derived,  thus — 

IO(HO)4 

Io}ho1;  -  H,0  =  O  or  HsIAi.         (4.) 

IO(HO)4 
ICMHO), 

lO^Hofe  -  H^  =  j)  or  H4IA.         (S) 

And  fi-om  these  two  adds  the  following  periodates  may  be  regarded  as  being 
derived — 

(4.)  Zn4lAi;  Ba4l,Ou. 

(S.)  Ag4l,09;  CajIjOj:  Ba^I^,. 

Compounds  op  the  Halogens  with  bach  Othks. 

Chlorine  unites  both  with  bromine  and  with  iodine,  and  the  two  latter 
elements  combine  with  each  other. 

(i.)  Chlorine  and  Bromine. — Bromine  monockloridi.  This  substance  is 
obtained  as  a  reddish-yellow  liquid,  when  chlorine  gas  is  passed  into  bromine. 
The  compound  is  believed  to  have  the  composition  BrQ. 

(3.)  Chlorine  and  Iodine.— /m^m^  manocJUoride,  ICL  When  dry  chlorine 
is  passed  over  iodine,  the  latter  rapidly  melts,  forming  a  dark  reddish-brown 
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ifid,  itro^j  irmmhling  bromiiw  in  appearance.  The  liquid  solidifies  to  a 
MB  of  red  prismatic  crTStals,  which  melt  at  25*.  It  is  decomposed  by  water 
teiodic  and  hjrdroehlaric  adds,  and  iodine  is  liberated— 

(UQ  +  8H^  =  HIO^  +  SHQ  +  21,. 

Mar  trickioridi,  IQ9.  This  compound  is  formed  by  passing  an  excess  of 
AiariBe  cffcr  iodine,  or  by  passing  chlorine  through  iodine  monochloride.  It 
haho  formed  when  hydriodic  acid  is  acted  upon  by  an  excess  of  chlorine — 

HI  +  9C1,  s  HO  +  IGl,. 

lodbe  trichloride  is  a  yellow  solid  substance,  crystallising  in  long  brilliant 
■ardb  shaped  crystals,  whidi  sublime  at  the  ordinary  temperature.  When 
|Btlf  vanned  it  mdts,  at  the  same  time  dissociating  into  chlorine  and  the 
waoddoride ;  on  cooling,  re-unioD  takes  place  with  the  reformation  of  ICl^. 

iy)  toOBdna  and  lodlna. — ^Two  compounds  of  these  elements  are  believed 
to  ent,  vis. ,  a  crystalline  solid,  and  a  deep-coloured  liquid.  Their  composition 
iipnbibty  expressed  by  the  formulae,  IBr  and  IBr^ 
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The  relation  in  which  oxygen,  the  typical  element,  stands  to  tbe 
remaining  members  of  the  family  is  very  similar  to  that  betweea 
fluorine  and  the  other  halogens. 

All  the  elements  of  this  family  unite  with  hydrpgen,  fonning 
compounds  of  the  type  RHj — 

OH2,     SHj,     SeHj,     TeH,; 

but  the  hydride  of  oxygen  stands  apart  from  the  others  in  many  of 
its  attributes.  Thus  at  ordinary  temperatures  it  is  a  colourless  and 
odouriess  liquid,  while  the  remaining  compounds  are  all  foetid- 
smelling  and  poisonous  gases. 

Sulphur,  selenium,  and  tellurium  each  combine  with  oxygen, 
forming  respectively  SO3,  SeOg,  and  TeOs,  while  none  of  these 
elements  in  a  divalent  capacity  forms  a  similar  compoimd  ;  that  is 
to  say,  no  such  combinations  are  known  as  OSg,  or  OSe,,  although 
amongst  themselves  they  unite,  forming  SeSj  and  TeS2. 

Sulphur,  selenium,  and  tellurium  also  unite  with  oxygen,  forming 
dioxides,  SOj,  SeOj,  and  TeOg,  in  which  these  elements  are  pos- 
sibly tetravalent,  in  which  case  the  constitution  of  the  compounds 
will  be  represented  thus,  0  =  S  =  0;  0  =  Se  =  0. 

We  may,  however,  consider  them  as  functioning  in  a  divalent 


yO  yO 

NO        \o 


capacity,  and  regard  the  oxides  as  constituted  thus, 

in  which  case  we  may  look  upon  ozone  as  being  the  corresponding 

oxygen  compound,  OOj 

\o 


•sO^   |. 
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All  the  flcinents  of  this  family  coinhiiu!  with  cliluiinc,  producing 
compounds  having  the  following  composition — 

OxTgen.  Sulphnr.  Seleniciin.  Tellurimn. 

X^«>i/1  •••  •••  ••• 

OCl,  SCI,  ...  TeCl, 

SCI4  SeCl^  TeCl4 

Oxygen  again  difiers  from  the  other  members,  by  alone  forming 
a  compound  of  the  type,  R,CL  This  element  also  shows  no  ten- 
dency to  function  with  a  higher  atomicity  than  that  of  a  divalent ; 
while  the  others  unite  with  four  atoms  of  the  halogen,  thereby 
exhibiting  their  tetravalent  nature. 

The  members  of  this  fiunily  pass  by  a  regular  gradation  from 
the  strongly  dectro-negative,  gaseous,  non-metal  oxygen,  to  the 
feebly  negative  and  slightly  basic  element  tellurium,  which  possesses 
many  of  the  properties  of  a  true  metal  Selenium  and  tellurium 
are  both  elements  which  lie  very  close  to  that  ill-defined  boundary 
between  the  metals  and  non-metals,  and  are  on  this  account  some- 
times termed  tnetcUUnds,  In  tellurous  oxide,  TeO,,  we  have  a 
compound  which  is  both  an  acid-forming  and  a  salt-forming  oxide, 
its  acidic  and  basic  properties  being  nearly  equally  balanced.  Thus, 
it  replaces  hydrogen  in  sulphuric  acid,  forming  tellurium  sulphate, 
Te(S04)j;  and  it  also  unites  with  water,  forming  tellurous  acid, 
H,TeO„  corresponding  to  sulphurous  acid,  H^SOg. 

Of  the  four  elements  of  this  family,  oxygen  is  by  £u:  the  most 
abundant,  both  in  combination  and  in  the  free  state ;  sulphur  is 
more  plentifiil  than  the  other  two,  and  tellurium  occurs  in  the 
smallest  quantity. 

The  element  oxygen  has  already  been  treated  in  Part  II.,  p  159. 

BUIfHUR. 

Symbol,  &    Atomic  weight  =  31.98.    Molecular  weight  s  63.96. 

Oeemrenee. — In  the  free  state  this  element  occurs  chiefly  in 
volcanic  districts.  In  Italy  and  Sicily  large  quantities  of  natwe 
sulphur  are  found,  which  have  long  been  the  most  important 
European  sources  of  this  substance.  Large  deposits  are  to  be  met 
with  in  Transylvania  and  in  Iceland,  and  it  also  occurs  in  beds, 
often  of  great  thickness,  in  parts  of  China,  India,  Califortvia^  and 
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the  Yellowstone  district  of  the  Rocky  Mountains.  Tlwse  natml 
deposits  are  sometimes  found  sttatified  with  beds  of  day  or  roc^ 
but  they  often  occur  as  what  are  known  as  ** living"  beds,  in  wind 
the  sulphur  is  continuously  being  formed  as  the  result  of  chemical 
decompositions  which  are  at  present  at  work.  Such  a  *  living' 
sulphur  bed  is  known  as  a  solfaiaroj  and,  as  in  the  case  of  the  Io^ 
land  deposits,  they  are  usuaUy  found  associated  with  geysen^ 
fumaroles,  and  other  signs  of  volcanic  action. 

In  combination  with  hydrogen,  sulphur  occurs  as  sulphuretted 
hydrogen.  Enormous  quantities  of  sulphur  are  found  combined 
with  various  metals,  constituting  the  important  class  of  sabstanoes 
known  as  sulphides ;  as,  for  example,  galena^  or  lead  sulphide^ 
PbS  ;  zinc  blende,  or  zinc  sulphide,  ZnS  ;  pyrites^  or  iron  sulphide^ 
FeSj ;  copper  pyrites,  or  copper  iron  sulpUde,  QuJP^^^ ;  si&mtt, 
or  antimony  sulphide,  ^\^^  \  cinnabar,  or  mercury  sulphide,  HgS 

In  combination  with  metals  and  oxygen,  sulphur  occurs  in 
sulphates,  such  as  gypsum,  CaS04 ;  heavy  spar,  BaS04  >  kieseriU, 
MgS04. 

Modes  of  Formation. — (i.)  Sulphur  is  formed  when  sulphu- 
retted hydrogen  is  brought  in  contact  with  sulphur  dioxide ;  the 
two  gases  mutually  decompose  one  another,  with  the  formation  of 
water  and  the  precipitation  of  sulphur — 

2H,S  +  SO2  =  2H,0  +  3S. 

(2.)  It  is  also  produced  when  sulphuretted  hydrogen  is  bunit 
with  an  insufficient  supply  of  air — 

H,S  +  O  =  H2O  +  S. 

This  reaction  probably  takes  place  in  two  stages,  a  portion 
of  the  sulphuretted  hydrogen  burning  to  sulphur  dioxide,  and  this 
then  reacting  upon  a  further  quantity  of  sulphuretted  hydrogen, 
thus — 

(a)  HjS  +  30  =  H2O  +  SOj. 

{b)  2H2S  +  SO2  =  2H,0  +  3S. 

It  is  supposed  that  some  of  the  free  sulphur  found  in  x^lcanic 
regions,  has  been  produced  by  this  action  of  these  two  gases  upon 
one  another. 

Extraction  of  Sulphur  from  Native  Sulphur.— Natural 
sulphur  is  always  more  or  less  mixed   with  earthy  or  mineral 
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tters,  from  which  it  is  necessary  to  free  it  This  is  usually 
cted  by  melting  the  sulphur  and  allowing  it  to  flow  away  from 
accompanying  impurities.  The  crude  sulphur  rock  is  stacked 
brick  kilns  having  a  sloping  floor,  and  Uie  mass  ignited  by 
roducung  through  openings  in  the  heap,  burning  faggots  of 
ishwood.  The  heat  produced  by  the  combustion  of  a  part  of  the 
phuTy  causes  the  remainder  to  melt  and  collect  upon  the  sloping 
or  of  the  kiln,  from  which  it  can  be  drawn  off  into  rough  moulds, 
le  loss  of  sulphur  by  thu  method  is  very  considerable,  usually 
t  more  than  two-thirds  of  the  total  amount  contained  in  the  rock 
VD^  obtained. 

(3.x  Sulphur  may  be  obtained  by  heating  certain  metallic  sui- 
ddes  ;  thus  when  iron  pyrites  is  heated  it  yields  one-third  of  its 
Iphur — 

SFeS,  »  Fe8S4  -!-  S,. 

If  the  pyrites  be  'roasted  in  kilns,  the  whole  of  the  sulphur  is 
btsuned,  partly  as  free  sulphur,  and  partly  as  sulphur  dioxide, 

SFeS,  +  60,  -  Fej04  +  3S0,  +  3S. 

This  method  was  at  one  time  rather  extensively  employed  for 
be  preparation  of  sulphur  on  a  manufacturing  scale,  but  has  now 
iractically  gone  out  of  use,  the  pyrites  being  usually  roasted  with 
access  of  air,  whereby  the  whole  of  the  sulphur  is  converted  into 
lulphur  dioxide  for  use  in  the  manufacture  of  sulphuric  acid. 

By  a  similar  process,  sulphur  is  obtained  as  a  bye-product  during 
he  roasting  of  copper  pyrites,  in  the  first  stage  of  the  operation  of 
x>pper-smdting. 

(4.)  Large  quantities  of  sulphur  are  now  extracted  from  the  vai- 
jv€ut£j  or  alkali'W€LsUy  obtained  in  the  manufacture  of  sodium 
surbonate  by  the  Leblanc  process.  This  material  consists  largely 
if  an  insoluble  oxy-sulphide  of  lime,  a  compound  containing  calcium 
sulphide  (CaS)  and  calcium  oxide  (CaO)  in  varying  proportions. 
Either  in  the  lixiviating  tanks  themselves,  or  in  special  vats,  a 
mrrent  of  air  is  blown  through  the  compound,  whereby  the  calcium 
Hilphide  it  contains  is  ultimately  converted  into  a  mixture  of  calcium 
lydrosulphide  (CaHiS,),  thiosulphate  (CaSsO,),  and  polysulphide 
CaS^,  according  to  the  following  equations — 

(i.)    2CaS  +  2H,0  =  CaH,S,  +  CaH^O» 
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This  reaction  goes  forward  in  several  stages,  in  the  coone  off 
which  a  quantity  of  sulphur  is  set  free ;  this  is  then  acted  opoo  by 
the  calcium  hydroxide,  with  the  formation  of  calcium  polysnlphidB 
and  calcium  thiosulphate,  thus — 

(2.)    3CaH,0,  +  12s  -  2CaSB  +  CaS,0,  +  8H,0. 

The  materials  are  alternately  oxidised  and  lixiviated  sevenl 
times,  and  the  liquor  is  then  treated  iinth  excess  of  hydrodiloric 
acid,  at  a  temperature  of  about  60°,  which  decomposes  the  vaiioai 
sulphur  compounds  according  to  the  following  equations — 

(«.>    CaHjS,  +  2HC1  =  CaCl,  +  2H,S. 

{b.)    CaSft  +  2HC1  =  CaCl,  +  H,S  +  4S. 

\c)    CaSjOs  +  2HC1  =  CaCl,  +  SO,  +  S  +  H,0 

The  best  results  are  obtained,  when  the  suliAur  compounds  are 
present  in  such  proportions  that  the  SO,  evolved  by  reaction  c  is 
sufficient  to  decompose  the  whole  of  the  SH,  produced  by  tbe 
other  two  reactions,  so  that  neither  gas  escapes — 

SO2  +  2H,S  =  2H,0  +  3S. 

(5.)  Sulphur  is  also  obtained  from  the  spent  oxide  of  iron  which 
has  been  used  in  the  *'  purifiers  "  employed  upon  gas-worio.  Coal 
gas  contains  considerable  quantities  of  sulphuretted  hydrogen, 
which  are  removed  from  the  gas  by  passing  it  through  hydrated 
ferric  oxide  (Fc^HgOe),  which  absorbs  the  whole  of  tbe  sulphuretted 
hydrogen,  thus — 

FejHeOe  +  3H,S  =  2FeS  +  S  +  6HjO. 

When  the  compound  has  lost  its  power  to  absorb  sulphuretted 
hydrogen,  the  material  is  thrown  out  of  the  purifiers  and  exposed 
to  air  and  moisture,  when  the  iron  becomes  reconverted  into  the 
hydrated  oxide,  and  the  sulphur  is  set  free— 

2FeS  +  30  +  3H,0  =  FcjHeOfl  +  2S. 

This  revivified  material  is  then  employed  for  the  purification  of 
a  further  quantity  of  gas.  It  is  found  that  after  a  certain  number 
of  revivifying  operations,  the  substance  begins  to  lose  its  power  of 
absorbing  any  additional  sulphuretted  hydrogen,  and  as  it  then 
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ntaiiis  neatly  lulf  iti  wcdgbt  of  lulpbur,  it  becomes  a  valuable 
nrce  of  ihig  dement  The  snipbnr  is  obtained  from  it  by  disti]- 
timi,  or  the  nwtcrial  may  be  rovted  in  special  loins,  vrtiereby  the 
dphnr  is  convoted  into  solpbur  dioxide,  and  employed  for  the 
■nu&ctiire  of  snlj^oric  add. 

PnrtlleBtlan.— The  cntde  nilphor  obtained  by  the  IbregTHnjr 
ethods  is  purified  by  distillation,  the  process  being'  carried  out  in 
e  arrangement  shown  in  Fig;  105.    The  sulphur  is  first  melted 

u  iron  pot,  4i  and  the  liquid  substance  drawn  off  at  will  by 


Fig  ioj. 


)  there 


eans  of  the  pipe  F  into  the  retort  B.  The  sulphur 
)iledbymeanstrfthefire,and  the  vapour  allowed  to  issue  into  the 
rge  brickwork  chamber  G.  As  the  vapour  enters  the  chamber,  it 
ntdenses  upon  the  walls  and  floor  in  the  form  of  a  light,  powdery 
eposit,  connsting  of  minute  crystals,  and  constituting  the  flo^vert 
'tttlphvr  of  commerce.  As  the  process  continues,  and  the  brick- 
ork  becomes  hot,  this  soft  powder  melts  and  collects  upon  the 
DOT  as  an  amber-coloured  liquid,  which  is  run  out  from  time  to 
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dine  from  the  openiog  at  H,  and  cast  either  into  lar^  bkxJcsi 
into  cylindrical  rods,  by  means  of  wooden  moulds.     Id  the  ~ 
form  it  is  known  as  roll  sutpkur.- 

Whcn  the  sulphur  vapour  lint  enters  the  chamber  and 
with  the  air,  the  mixture  frequently  ignites  with  a  feeble  exploagni 
the  chamber,  therefore,  is  furnished  with  a  valve,  S,  at  the  Uft 
whereby  the  pressure  developed  at  the  moment  of  combiutioD  m^ 
be  relieved. 

Properties. — Sulphur,  as  ordinarily  seen,  is  a  pale-yellow  biitSe 
crystalline  solid.  It  is  insoluble  in  water,  but  readily  dissolvtim 
carbon  disutphide,  and  to  a  greater  or  less  degree  ii 
benzene,  chloroform,  sulphur  chloride,  and  many  other  mliuiii 
It  is  a  non-conductor  of  electricity,  snd  an  extremely  bad  am 
ductor  of  heaL    A  piece  of  sulphur  on  b«ng  very  gently 


even  by  being  grasped  in  the  hand,  may  be  heard  to  cimd  by  ibe 
unequal  heating,  and  will  ultimately  fall  to  pieces.  At  a 
peraiurc  of  1 14-11  sulphur  melts  to  a  dear  amber-coloured  and 
moderately  mobile  liquid  ;  on  raising  the  temperature  of  ibis 
liquid  its  colour  rapidly  darkens,  and  al  the  same  time  it  loses 
mobility,  until  at  a  temperature  of  about  230°  the  mass  appean 
almost  black,  and  is  so  viscous  thai  it  can  no  longer  be  poured 
from  the  vessel.  As  the  temperature  is  still  fiirthcr  raised,  the 
substance,  while  retaining  its  dark  colour,  again  becomes  liquid, 
although  it  does  not  regain  its  original  limpidity.  At  448°  the 
liquid  boils,  and  is  converted  into  a  pale  yellowish-brown  coloured 
vapour.  On  allowing  the  boiling  sulphur  to  cool,  it  passes  through 
the  same  changes  in  reverse  order  until  it  solidifies. 
When  the  vapour  of  sulphur  is  heated  to  1000°,  it  is  converted 
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HO  m  tme  gas,  and  hu  a  density  of  32,  one  litre  of  tlie  gm  wdgh- 
ag  33  critbs. 

Sulphur  is  known  to  exist  in  four  allotropic  modifications,  two  of 
iliicfa  are  crystalline  aad  two  amorphous. 

(■)  RhamiHe  Stdphtir.—CX  the  two  crystalline  varieties  this  is 
be  more  stable.  Sulphur,  therefore,  that  occurs  native  is  found 
xyuallised  in  this  fonn.  It  may  be  obtained  by  allowing  a  solu- 
km  of  suli^uT  in  oubon  disulphide  to  slowly  evaporate.  Fig.  106 
■■eprasent»  two  large  rhombic  octahedral  crystals  of  sulphur 
)biaiaed  in  this  way. 

Octahedral  crystals  of  sulphur  can  also  be  obtained  under  certain 
mndittons,  uli^n  melted  sulphur  is  allowed  to  crystallise.    Sulphur 


in  the  liquid  condition  exhibits  the  phenomenon  of  suspended 
solidification  to  a  very  high  degree,  and  if  the  liquid  be  carefiilly 
cooled  out  of  contact  with  air,  the  temperature  may  fall  to  90' 
before  solidification  takes  place.  If  into  the  liquid  in  this  state  a 
crystal  of  the  rhombic  variety  be  droppicd,  the  sulphur  begins  to 
solidify  in  crystals  of  that  form.  If  the  supeifused  sulphur  be  con- 
tained in  a  hermetically  closed  flask,  the  liquid  frequently  deposits 
octahedral  crystals,  and  by  allowing  the  mass  to  partially  solidify, 
and  qiuckly  inverting  the  flask,  the  crystals  may  be  seen  upon  the 
bottom  of  the  vessel 

The  specific  gravity  of  this  form  of  sulphur  is  2.05. 

O)  "PrismaHc"  J'u^Nr.— When  melted  sulphur  is  allowed 
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to  coo]  under  ordinary  conditions,  such  as  in  a  crndble,  or 
beaker,  it  crystallises  in  the  form  of  prismatic  needles^  bekmi- 
ing  to  the  monodinic,  or  monosynrnietric  system.  By  allowing 
the  mass  to  partially  solidify,  and  pouring  off  the  still  liquid  p<v- 
tion,  these  crystals  will  be  seen  lining  the  inside  of  the  beaker 
as  long  translucent  prisms.  Fig.  107  shows  such  a  ma»  of 
crystals.  Prismatic  crystals  of  sulphur  are  also  obtained,  ute 
this  element  is  crystallised  from  a  hot  solution  in  oil  of  ttv* 
pentine. 

The  specific  gravity  of  this  form  of  sulphur  is  less  than  that  of 
the  octahedral  variety,  being  1.98. 

At  ordinary  temperatures  this  modification  is  unstable,  and  ia 
the  course  of  a  day  or  two  the  crystals  lose  their  translacent 
appearance,  owing  to  their  becoming  broken  down  into  a  number 
of  smaller  crystals  of  the  rhombic  variety^  and  present  the  opaqoe 
yellow  appearance  of  ordinary  roll  sulphur.  This  change  fnan 
the  prismatic  to  the  octahedral  variety,  which  takes  place  move 
quickly  when  the  crystals  are  scratched,  or  subjected  to  vibration, 
is  attended  with  evolution  of  heat  When  monoclinic  sulphur  is 
thrown  into  carbon  disulphide,  its  transformation  into  the  stable 
modification  takes  place  rapidly,  and  in  this  way,  by  means  of  a 
thermopile,  the  heat  evolved  by  the  change  may  be  rendered 
evident.  As  carbon  disulphide,  however,  at  once  exerts  its  solvent 
action  upon  the  rhombic  sulphur  the  moment  it  is  formed,  tbe 
reduction  of  temperature  resulting  from  this  cause,  would  com- 
pletely over-balance  and  mask  the  more  feeble  heat  effect  produced 
by  the  passage  of  the  sulphur  from  the  unstable  to  the  stable  fom 
In  order,  therefore,  to  render  evident  the  heat  resulting  from  the 
change  of  crystalline  form,  the  carbon  disulphide  must  be  pre- 
viously allowed  to  dissolve  as  much  sulphur  as  it  can  take  up.  If 
a  small  quantity  of  carbon  disulphide,  so  saturated  with  sulphur, 
be  placed  in  a  corked  flask,  and  stood  upon  the  foce  of  a  thenno- 
electric  pile^  in  connection  with  a  galvanometer,  and  a  quantity 
of  prismatic  crystals  of  sulphur  be  quickly  thrown  into  the  liquid, 
a  sejisible  deflection  of  the  galvanometer  needle  will  be  seen  in  tbe 
direction  caused  by  heat 

Although  under  ordinary  conditions,  monoclinic  sulphur  is  un- 
stable and  passes  into  rhombic  form,  at  temperatures  between 

*  The  thermo-electric  pile  is  a  delicate  physical  instrument  employed  for 
registering  slight  changes  of  temperature ;  for  descriptions  of  tbe  apparatus 
the  student  must  consult  text-books  on  physics. 


Sulfhi, 
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lrv>"  and   I  14*,  it  .Tppcnrsi  lo  }ic  tlic  iivnc  sI.lIiIc  variiiy,  for  :l[  itiis 
teniperature  rhombic  sulphur  passes  inio  the  monocUnic  variety. 

(y)  P/atiie  Sulphur. — When  sulphur  which  has  been  heated 
mitil  it  readies  the  viscous  condition,  is  suddenly  plunged  into 
water,  or  when  boiling  sulphur  is  poured  in  a  thin  stream  into 
water,  the  substance  sohdiRes  to  a  tough  elastic  material  some- 
what resembling  indiarubbcr.  The  sulphur  in  this  form  is  known 
KB  ptastic  tulphir.  This  variety  is  best  obtained  by  distilling  a 
quantity  of  ordinary  sulphur  from  a  glass  retort  (Fig.  108),  and 
allowing  the  distilled  liquid  to  flow  m  a  fine  stream  into  cold 
water  placed  tot  its  reception.  As  the  liquid  sulphur  falls  into 
the  water,  it  congeals  to  the  plastic  condition  as  a  continuous 
Uiread,  which  urinds  itself  b 
a  regular  manner  into  beauti- 
ful coils  of  a  delicate  trans- 
lucent amber  colour.  The 
mpedlic  gravity  of  plastic  sul- 
phur is  1.9s,  and  it  is  not 
soluble  in  carbon  disulphide. 
At  ordinary  temperatures  this 
allotTOpe  of  sulphur  is  gra- 
dnaUy  transformed  into  ihe 
stable  rhombic  variety ;  in 
the  course  of  a  few  days  it 
loses  its  transparency  and 
elasticity,  and  becomes  con- 
verted into  the  ordinary  lemon  yellow 
sulphur.     This  change  takes  plac 

material  be  stretched  and  worked  between  the  fingers,  and  still 
more  readily  by  heating  it  for  a  few  moments  to  100°,  and  allowing 
it  again  to  cooL 

(a)  WMU  Awwrpkaus  Sulphur.— \Nhm  sulphur  is  heated,  and 
the  vapour  condensed  upon  a  cool  surfa.ce,  as  in  the  formation  of 
ordinary  flowers  of  sulphur,  although  the  greater  portion  of  the 
sulphur  is  sublimed  in  the  rhombic  octahedral  fomi,  the  sublimate 
contains  a  small  amount  of  sulphur  in  the  foim  of  an  amorphous 
powder,  which  is  almost  milk-white  in  colour. 

This  modification  is  best  obtained  by  treating  flowers  of  sulphur, 
which  usually  contains  as  much  as  5  or  6  per  cent,  of  amorphous 
sulphur,  with  carbon  disulphide,  whereby  the  rhombic  variety  is 
dissolved,  and  the  white  amorphous  substance,  which  is  insoluble 


w  brittle  condition  of  common 
i  quickly  if  the   plastic 
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in  that  liquid,  is  left  behind.  By  filtering  the  liquid  and  washii| 
the  residue  with  carbon  disulphide  until  the  whole  of  the  sohAli 
sulphur  is  removed,  the  amorphous  powder  may  be  obtained  ii  a 
state  of  purity. 

This  amorphous  substance  is  also  produced  in  small  quantit7»by 
the  action  of  light  upon  a  solution  of  sulphur  in  carbon  disulpUda 
Thus,  if  a  perfectly  clear  solution  of  sulphur  in  this  liquid  be  place! 
for  even  a  few  minutes  in  the  path  of  a  beam  of  electric  light,  dR 
solution  will  be  seen  to  become  rapidly  tuibid,  owing  to  the  fonna- 
tion  of  this  insoluble  modification. 

This  milk-white  amorphous  modification  is  stable  at  the  ordinaiy 
temperature,  and  therefore  does  not  pass  spontaneously  into  the 
rhombic  variety.  When  heated  to  a  temperature  of  loo*,  it  quiddy 
becomes  yellow  in  colour,  and  is  then  readily  soluble  in  caiboa 
disulphide,  having  been  transformed  at  that  temperature  into  die 
ordinary  stable  form. 

Milk  of  Sulphur.— This  substance  is  a  medicinal  preparation, 
obtained  by  precipitating  sulphur  from  a  polysulphide  of  lime  by 
means  of  hydrochloric  acid.  Flowers  of  sulphur  and  milk  of  lime 
are  boiled  together  for  some  time,  and  after  settling,  the  clear 
reddish  liquid  containing  the  calcium  polysulphides  is  decanted  ofi 
and  hydrochloric  acid  added  to  it ;  calcium  chloride  is  fomied, 
and  sulphur  in  a  fine  state  of  subdivision  is  precipitated — 

CaS,  +  2HC1  =  CaClj  +  H,S  +  (:r— 1)S. 

The  product  so  obtained  is  pale  yellow  in  colour,  and  consists  d 
ordinary  sulphur  often  contaminated  with  considerable  quantities 
of  calcium  sulphate,  derived  from  sulphuric  add  present  in  tbe 
hydrochloric  acid  employed  in  the  precipitation. 

When  sulphur  in  any  of  its  modifications  is  heated  in  the  air,  it 
takes  fire  and  bums  with  a  pale  blue  flame,  giving  rise  to  sulphur 
dioxide ;  when  burnt  in  oxygen  a  small  quantity  of  sulphur  tri- 
oxide  is  at  the  same  time  produced. 

Finely  divided  sulphur,  when  exposed  to  air  and  moisture,  under- 
goes slow  oxidation  even  at  ordinary  temperatures,  with  the  forma- 
tion of  sulphuric  acid.  Thus,  if  flowers  of  sulphur  be  moistened 
with  water  and  freely  exposed  to  the  air,  in  a  short  time  the  water 
will  be  distinctly  acid.  On  this  account,  sulphur  that  is  used  for 
pyrotechnic  purposes,  is  thoroughly  washed  and  dried,  and  pre- 
served in  warm  dry  places. 
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Sulphur  combines  directly  with  many  metals  under  the  influence 
of  heat»  forming  sulphides ;  the  union  in  many  cases  being  accom- 
panied by  vivid  combustion.  Thus,  a  strip  of  copper,  when  intro- 
duced into  sulphur  vapour,  bums  brilliantly  with  the  formation 'of 
copper  sulphide ;  and  a  red-hot  bar  of  iron,  when  pressed  against 
a  roll  of  sulphur,  bums  in  the  vapour  which  is  generated,  and  the 
molten  sulphide  fidls  in  scintillating  masses  through  the  air — 

Fe  +  S  -  FeS. 

Heated  with  sodium  or  potassium,  the  alkaline  sulphides  are 
iioniied  with  deflagration — 

K,  +  S  =  K,S. 

COMPOUNDS  OP  SULPHUR  WITH  HYDROOEN, 

Two  compounds  of  these  elements  are  known,  namely — 

Hydrogen  sulphide  or  sulphuretted  hydrogen  HjS. 

Hydrogen  persulphide H^Sg. 

H7DR00BN  SULPHIDE. 
Fomnila,  H^S.    Molecular  weight  =  34.    Density  =  17. 

Oeourrenee. — ^This  gas  is  evolved  in  volcanic  regions,  and  is 
met  with  in  solution  in  sulphur  mineral  waters. 

Modes  of  Formation. — (i.)  Sulphuretted  hydrogen  may  be 
lonned  by  the  direct  union  of  its  elements,  by  passing  a  mixture  of 
hydrogen  and  the  vapour  of  sulphur  through  a  strongly  heated 
tube.  In  small  quantity  it  is  produced  when  hydrogen  is  passed 
into  boiling  sulphur,  or  over  certain  heated  metallic  sulphides. 

(2.)  Sulphuretted  hydrogen  is  most  readily  obtained  by  the 
action  of  either  hydrochloric  or  sulphuric  acid  upon  ferrous  sul- 
phide, thus — 

FeS  +  2HC1    =  FeCl,  +  H,S. 

FeS  +  H,S04  =  FeS04  +  H,S. 

The  ferrous  sulphide  in  broken  fragments  is  placed  in  a  two- 
necked  bottle,  similar  to  the  apparatus,  Fig.  27,  employed  for 
the  preparation  of  hydrogen,  and  the  dilute  acid  poured  upon  it 
The  gas  is  rapidly  evolved  without  the  application  of  heat  The 
gas  obtained  by  this  method  always  contains  free  hydrogen, 
owing  to  the  presence  of  uncombined  iron  in  the  ferrous  sulphide. 
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(3.)  Pure  sulphuretted  hydrogen  may  be  obtained  by  heating 

antimony  trisulphide  (grey  antimony  ore)  with  strong  hydrochloiic 

acid,  when  antimony  trichloride  is  produced  and  hydrogen  sulphide 

evolved — 

SbjSj  +  6HC1  =  2SbCl3  +  3H,S. 

(4.)  Sulphuretted  hydrogen  is  produced  during  the  putrefactioD 
of  organic  substances  containing  sulphur,  the  offensive  smell  of  a 
decomposing  ^%%  being  due  to  the  presence  of  this  gas.  It  is  also 
produced  during  the  destructive  distillation  of  coal,  by  the  direct 
union  of  hydrogen  with  the  sulphur  contained  in  the  pyrites,  hence 
coal  gas  always  contains  sulphuretted  hydrogen  amongst  iti 
impurities. 

Properties. — Sulphuretted  hydrogen  is  a  colourless  gas  having  a 
somewhat  sickly  sweetish  taste,  and  an  extremely  offensive  odour. 
It  acts  as  a  powerful  poison  when  inhaled  in  the  pure  state,  and 
even  when  very  largely  diluted  with  air  it  gives  rise  to  dizziness 
and  headache.  Its  poisonous  effects  are  more  marked  upon  some 
animals  than  others  :  thus,  a  bird  was  found  to  die  in  an  atmosphere 
containing  only  innnr  of  sulphuretted  hydrogen,  while  it  required  an 
amount  equal  to  7^  to  poison  a  hare  ;  and  again,  cold-blooded 
animals  are  in  no  way  affected  by  inhaling  these  proportions  of 
the  gas.  Sulphuretted  hydrogen  is  moderately  soluble  in  water ; 
at  ordinary  temperatures  water  dissolves  about  three  times  its  own 
volume  of  the  gas.  In  collecting  it  over  water,  therefore,  consider- 
able loss  results  unless  the  water  be  warm.  The  coefficient  of 
absorption  by  water  at  o*  is  4.3706. 

The  aqueous  solution  give$  an  acid  reaction  with  litmus,  and 
possesses  the  taste  and  smell  of  the  gas.  It  quickly  decomposes 
on  exposure  to  air,  the  hydrogen  of  the  sulphuretted  hydrogen 
combines  with  oxygen,  and  the  liquid  becomes  turbid  by  the  preci- 
pitation of  sulphur.  Hydrogen  sulphide  is  an  inflammable  gas, 
burning  with  a  bluish  flame,  and  producing  sulphur  dioxide  and 
water — 

2HjS  +  3O2  =  2S0j  +  3H2O. 

If  mixed  with  oxygen  in  the  proportion  demanded  by  this  equa- 
tion, viz.,  two  volumes  of  sulphuretted  hydrogen  and  three  volumes 
of  oxygen,  and  ignited,  the  mixture  explodes  with  violence.  When 
the  gas  is  burned  with  an  insufficient  supply  of  air  or  oxygen  for 
its  complete  combustion,  the  sulphur  is  deposited. 

Sulphuretted  hydrogen  is  decomposed  by  the  halogens,  with  the 
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(.icpubition  of  sulphur,  aiul  ilic  lonnation  uf  the  h)  chosen  cuuipound 
of  the  halogen  elementi  thus — 

H^  +  CI,  =  2HC1  +  S. 

Fluorine,  chlorine,  and  bromine  are  capable  of  bringing  about 
this  decomposition  at  ordinary  temperatures  ;  in  the  case  of  iodine, 
die  reaction  is  attended  with  absorption  of  heat,  which  may  be 
supplied  by  passing  the  mixtiure  of  iodine  vapour  and  sulphuretted 
hydrogen  through  a  hot  tube,  or  by  causing  the  action  to  take 
place  in  the  presence  of  water.  In  the  latter  case  the  heat  of  solu- 
tion of  the  hydriodic  add,  determines  the  reaction. 

When  passed  into  sulphuric  acid,  reduction  of  the  acid  takes 
(dace  with  the  precipitation  of  sulphur— 

H,S04  +  H,S  =  SOj  +  2HjO  +  S. 

Sulphuretted  hydrogen,  therefore,  cannot  be  dried  by  means  of 
sulphuric  add. 

The  gas  acts  upon  many  metals  with  the  formation  of  sulphides ; 
thus,  when  potassium  is  heated  in  a  stream  of  hydrogen  sulphide 
it  mdily  bums  and  produces  potassium  hydro-sulphide,  H^S  +  K 
»  KHS  +  H.  Such  metals  as  tin,  lead,  silver,  &c,  are  rapidly 
tarnished  in  contact  with  this  gas.  On  this  account  articles  of 
silver,  when  exposed  to  the  air  of  towns,  quickly  become  covered 
with  a  film  of  sulphide,  which  first  appears  yellowish-brown,  and 
gradnally  becomes  black.  The  discoloration  of  a  silver  spoon, 
when  introduced  into  an  t!g%  which  is  partially  decomposed,  is  due 
to  the  same  cause. 

Sulphuretted  hydrogen  also  acts  upon  metallic  salts,  combining 
with  the  metal  to  form  a  sulphide.  The  *^  white-lead"  employed 
in  ordinary  paint  is  gradually  blackened  on  prolonged  exposure 
to  the  air  by  the  formation  of  lead  sulphide. 

Hydrogen  sulphide  is  rapidly  absorbed  by  lime,  with  the  forma- 
tion of  caldum  hydrosulphide — 

CaH,0,  +  2H,S  =  CaHjSj  +  2H,0. 

It  is  also  absorbed  by  caldum  sulphide,  yielding  the  same 
compound.  This  reaction  is  employed  in  the  method  known  as 
CJumc^s  process,  for  utilising  the  sulphur  of  the  vat  waste  of  the 
alkali  manufacture.  This  consists  in  passing  lime-kiln  gases 
through  a  series  of  vessds  containing  the  waste  mixed  with  water. 
In  the  first  vessels  the  carbon  dioxide  is  absorbed,  and  sulphuretted 
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hydrogen  evolved.    This,  passing  into  the  later  vessels,  is  absoriied 
by  the  vat  waste,  fonning  calcium  hydrosulphide,  which  in  ill 
turn  is  decomposed  by  carbon  dioxide,  with  the  evolution  of  twioi 
the  volume  of  sulphuretted  hydrogen  for  a  given  volume  of  cailMi 
dioxide,  as  in  the  first  reaction — 

(i)         CaS  +  CO,  +  H,0  =  CaCOs  +  H,& 

(2)  CaS  +  HjS  =  CaHjSj. 

(3)  CaHjS,  +  CO,  +  H,0  =  CaCO,  +  2H,S. 

The  sulphuretted  hydrogen,  mixed  with  atmospheric  nitn^ 
and  a  small  quantity  of  carbon  dioxide,  is  sufficiently  rich  to  bm% 
yielding  sulphur  dioxide,  which  can  then  be  employed  for  die 
manufacture  of  sulphuric  acid. 

Sulphuretted  hydrogen  is  also  decomposed  by  ferric  hydroxide^ 
with  tibe  formation  of  ferrous  sulphide  and  water,  and  the  decoB- 
position  of  sulphur,  as  described  on  page  362.  This  action  takei 
place  with  the  evolution  of  considerable  heat,  the  temperatne 
rising  high  enough  to  ignite  a  mixture  of  sulphuretted  hydrogct 
and  oxygen.* 

Sulphuretted  hydrogen  is  a  valuable  laboratory  reagent,  OB 
account  of  the  general  behaviour  of  certain  classes  of  sulphidei 
Thus,  the  sulphides  of  certain  metals,  being  insoluble  in  dflote 
acids,  are  precipitated  from  acid  solutions  ;  for  example — 

CUSO4  +  HjS  =  CuS  +  H,S04. 
CdCl,   +  H,S  -  CdS  +  2HCL 

Others  are  soluble  in  acids,  but  insoluble  in  alkaline  liquids,  and 
are  therefore  precipitated  by  sulphuretted  hydrogen  in  the  presence 
of  anunonia,  or  by  the  addition  of  ammonium  sulphide,  thus— 

ZnS04  +  (NH4),S  =  ZnS  +  (NH4),S04. 

A  third  group  of  metals  yield  sulphides  that  are  soluble  in  water, 
and  therefore  are  not  separated  either  in  acid  or  alkaline  solatioos 

Many  of  the  metallic  sulphides  are  also  possessed  of  charac- 
teristic colours,  which  readily  serve  for  their  identificatioiL  Thosi 
arscnious  sulphide  is  pale  yellow,  and  cadmium  sulphide  gokles 
yellow.  Antimonious  sulphide  has  a  bright  red  colour,  while  lioc 
sulphide  is  white. 

This  behaviour  of  metals  towards   sulphuretted  hydrogen  is 

the  basis  upon  which  certain  methods  of  qualitative  analyses  ait 

founded. 

*  "  Chemical  Lecture  Experiments/'  Na  559. 
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H7DB0GEN  PEB8ULPHIDB. 

Fonnula,  HyS^i 

Modes  of  FonnatioIL — (i.)  This  substance,  which  stands  in  the 
same  relation  to  hydrogen  sulphide,  as  hydrogen  peroxide  does  to 
water,  may  be  obtained,  by  slowly  pouring  a  solution  of  calcium 
disulphide  into  hydrochloric  acid,  in  the  cold ;  the  liquids  being 
rapidly  stirred  during  the  process  of  mixing,  and  the  acid  being 
kept  in  considerable  excess — 

CaSj  +  2HC1  =  CaCl,  +  HjSj. 

The  hydrogen  persulphide  separates  out  as  a  heavy,  pale  yellow, 
oily  compound,  which  settles  to  the  bottom  of  the  liquid.  The 
calcium  disulphide  is  prepared  by  boiling  together  one  part  of 
lime  with  about  twenty  parts  of  water,  and  one  part  of  flowers  of 
sulphur.  The  yellow  liquid  that  is  obtained  will  contain  more  or 
less  of  the  higher  sulphides  of  lime,  and  in  proportion  as  these  are 
present  there  will  be  a  precipitation  of  sulphur  with  the  hydrogen 
persulphide,  thus — 

CaSft  +  2HC1  -  CaCl,  +  H,S,  +  3S. 

(2.)  Hydrogen  persulphide  may  also  be  obtained  from  a  com- 
pound that  is  produced  by  the  action  of  sulphuretted  hydrogen 
upon  strychnine,  in  the  presence  of  oxygen — 

2CnHaN,0j  +  6SH,  +  30  =  SHjO  +  2C»Hj3N,0^3H,Sj. 

This  substance,  on  treatment  with  an  acid,  yields  the  persulphide. 

Froperties. — Hydrogen  persulphide  is  an  oily  liquid  having  a 
specific  gravity  of  1.73.  It  has  a  pungent  smell,  accompanied  by 
the  odour  of  sulphuretted  hydrogen,  due  probably  to  the  partial 
decomposition  of  the  compound,  and  its  vapour  is  irritating  to  the 
eyes.  It  is  an  unstable  substance,  decomposing  at  ordinary  tem- 
peratures into  sulphur  and  sulphuretted  hydrogen  :  when  heated, 
this  decomposition  takes  place  rapidly.  It  readily  dissolves  sul- 
phur, and  on  this  account,  and  the  readiness  with  which  the 
compound  decomposes,  it  is  extremely  difficult  to  obtain  it  in  a 
state  of  purity,  and  so  to  determine  its  exact  composition.  It  is 
insoluble  in  wstter,  but  dissolves  readily  in  carbon  dAsxA^iVA^^  ^xv^ 
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ether :  its  solution  in  the  former  liqmd  is  more  stable  than  dw 
liquid  substance  itself! 

Hydrogen  persulphide  bums  with  a  blue  flame,  yielding  sulphnr 
dioxide  and  water. 

Hydrogen  persulphide  possesses  fSeeUe  bleaching  propertiq^ 
and  like  its  oxygen  analogue  it  is  decomposed  by  certain  meCaffic 
oxides,  with  the  evolution  of  sulphuretted  hydrogen. 


COMPOUNDS  OP  SULPHUR  WITH  CHLORINE. 

Two  of  these  compounds  exist  at  ordinary  temperatores,  while  a 
third  is  only  known  at  temperatures  below  —  22*. 

1.  Disulpbur  dichloride  or  sulphothionyl  chloride     S,C1|. 

2.  Sulphur  dichloride SClf. 

3.  Sulphur  tetrachloride SC1|. 

Disulphur  Dichloride,  SsCls.— This  substance  is  obtained  bf 
passing  dry  chlorine  over  the  surface  of  heated  sulphur,  con- 
tained in  a  retort ;  the  compound,  which  distils  away  as  &st  as 
it  is  formed,  condenses  in  the  receiver  as  a  yellow  liquid — 

S,  +  CI,  =  SjCl,. 

Properties. — The  redistilled  liquid  is  an  amber-coloured  fuming 
substance  with  a  disagreeable  penetrating  odour,  the  vapour  of 
which  irritates  the  eyes.  Its  specific  gravity  is  1.709,  and  it  boils 
at  138.1°.  In  contact  with  water  it  gradually  decomposes  into 
hydrochloric  acid  and  sulphur  dioxide,  with  the  precipitation  of 
sulphur.  The  action  takes  place  in  two  stages,  thiosulphuric  add 
being  formed  as  an  intermediate  product,  thus — 

(a.)  aSjClj  +  SHjO  =  4HC1    +  S,  +  HjSjO,. 
09.)  H2S2O3  =  HjjSOs  +  S. 

Disulphur  dichloride  dissolves  sulphur  with  great  readiness,  and 
the  solution  so  obtained  is  largely  employed  in  the  process  of 
vulcanising  indiarubber. 

This  compound  is  the  most  stable  of  the  three  chlorides  of 
sulphur.     From  the  fact  that  it  contains  chlorine  and  sulphur  in 
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die  proportion  of  one  atom  of  each  element,  it  is  sometimes  called 
sulphur  monochloride ;  but  as  its  vapour  density  (67.4)  shows  that 
it  contains  two  atoms  of  each  element  in  the  molecule,  the  use  of 
the  word  monochloride  is  calculated  to  mislead.  The  name  sul- 
phothionyl  chloride  indicates  its  analogy  to  thionyl  chloride,  SOClj, 
from  which  it  may  be  r^farded  as  being  derived,  by  the  replace- 

yox  CI 

ment  of  the  oxygen  by  an  atom  of  sulphur,  0*=S\^^,  ;S  =  S^ 

Bnlphiir  Dltihlorlde,  SQf. — ^This  compound  is  obtained  by  passing  a  stream 
of  dry  <^orine  into  disulpbor  dichloride  at  a  temperature  not  above  o^  When 
the  maxiinimi  amount  of  chlorine  is  absorbed,  the  liquid  assumes  a  dark 
reddish-facown  colour.  Excess  of  chlorine  is  removed  by  passing  a  stream  of 
caiboo  dioxide  through  the  liquid. 

SolfAur  dichloride  rapidly  dissociates  with  rise  of  temperature  into  free 
chlorine  and  disulphur  dichloride;  at  +90**  this  decomposition  amounts  to 
6.5  per  cent,  at  50*  S4.59  per  cent.,  and  at  xoo"  80.85  P^  amx.  On  boiling 
the  compound,  therefofe,  dhlorine  is  evolved,  and  the^ disulphur  dichloride 
remains  bdiind. 

In  contact  Mrith  water  it  is  decomposed  in  the  same  raanneyis  the  more 
stable  compound. 

Solpbnr  T^txadlloridd,  SCI4. — ^This  compound  only  exists  at  temperatures 
bdow  -29*,  and  is  produced  by  saturating  sulphur  dichloride  with  chlorine  at 
that  temperature.  It  dissociates  very  rapidly  as  the  temperature  rises ;  thus, 
at  7*  above  the  temperature  at  which  it  is  formed,  viz.,  at  - 15°,  this  decom- 
positioo  amounts  to  58.05  per  cent  At  -  3"  88.07  W^  GtnX,,  of  the  compound 
dissociates,  while  at  +6.9  the  percentage  rises  to  97.57. 

The  compound  is  deoompo^  by  water  with  violence  into  sulphur  dioxide 
and  hydrochloric  acid — 

SCI4  +  2H,0  =  SOj  +  4HCL 

Oomponndi  of  SuliAiir  with  Bromine  and  Iodine  have  been  obtained, 
oorrespoading  to  SsCI^.  S^Brg  as  a  red-coloured  liquid,  boiling  with  partial 
decomposition  at  900** ;  and  S^Iq  as  a  dark-grey  crystalline  solid,  which  melts 
at  a  temperature  about  6o% 

OXIDES  AND  OXYACIDS  OF  SULPHUR. 

Four  oxides  of  sulphur  are  known,  namely — 

(i.)  Sulphur  dioxide  (sulphurous  anhydride)  .  SO,. 

(2.)  Sulphur  trioxide  (sulphuric  anhydride)     .  SOj. 

(3.)  Sulphur  sesquioxide  ....  S^Oj. 

(4.)  Persulphuric  anhydride    ....  SjOj. 

Three  of  these  oxides,  namely,  Nos.  i,  2,  4,  give  rise  respectively 
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to  the  three  acids,  sulphurous,  sulphuric,  and  persolpbuiic,  beadei 
which  several  others  are  known — 


Hyposulphurous  add 
Sulphurous  acid 
Sulphuric  add  • 
Persulphuric  add 

Thiosulphuric  add  f 

Pyrosulphuric     add 
sulphuric  add) 


•  •  •  xl|SO| 

•  •  •  riiSO^ 
.  .  .  H,SO« 
.  .  .  HSO4* 

•  •         •     rl^SiOt 
(Nordhausen  j  j,^^q^ 


HO.SO,  I  n 
HO.SO,  /  "■ 


Besides  these  acids,  there  is  a  series  known  under  the  genenl 
name  of  the  polythionic  acids.  They  may  be  regarded  as  beiqg 
derived  from  ditUionic  acid,  which  is  the  first  of  the  series,  by  the 
absorptio^  into  the  molecule  of  various  quantities  of  sulphur. 
Four  of  these  adds  are  believed  to  exist,  viz. : — 

HO.SO, ) 
HO.SO2  \ 
HO.SO,  \  Q 
HO.SO,  S 


Dithionic    acid    (sometimes    called  }  u  c  q 
hyposulphuric  add)    .        .        .J  ^^^^^ 

Trithionic  acid HsSsO^ 

Tetrathionic  add       •        •        •        .     H,S4O0 
Pentathionic  acid      ....     HsSsOq 


HO.SO,  )  c 
HO.SO,  ( ^ 
HO.SO,  U 
HO.SO,;  ^ 


BULPHUB  DIOXIDE. 

Formula,  SO.w     Molecular  weight  =  63.92.     Density  =  31.96. 

Occurrence.  —  This  compound  is  met  with  in  the  gaseoas 
emanations  from  volcanoes,  and  in  solution  in  certain  volcanic 
springs.  It  is  also  present  in  the  air  of  towns,  being  derived  from 
the  combustion  of  the  sulphur  compounds  present  in  coaL 

Modes  of  Formation.— ( I.)  Sulphur  dioxide  is  formed  when 
sulphur  bums  in  air  or  oxygen — 

S  +  O2  =  SO,. 

•  By  some  chemists—     H^S-O^.      SSIS'  \  Os- 

t  This  acid  is  sometimes  incorrectly  called  hyposulphurous  acid^  its  sodium  salt 
being  known  a3  sodium  hyposulphite:  \.Yvt«>ca\VfcA."\vY^"  Q^\.Vv«.^botoc!rmpher& 
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At  tlie  same  time  small  ciuantitics  of  sulphur  trioxidc  arc  formed, 
"which  render  the  gas  obtained  by  this  combustion  more  or  less 

(2.)  Sulphur  dioxide  may  also  be  obtained  by  heating  sulphiu: 
with  a  metallic  peroxide,  such  as  manganese  dioxide,  thus — 

S,  +  MnO,  =  SOj  +  MnS. 

(3.)  It  is  obtained  when  such  metallic  sulphides  as  copper  pyrites 
or  iron  pyrites  are  roasted  in  a  current  of  air,  the  metal  being  con- 
verted into  oxide,  thus — 

2FeS,  +  110  =  FejOj  +  4S0,. 

(4.)  The  most  convenient  laboratory  process  for  preparing  sul- 
phur dioxide  consists  in  heating  sulphuric  acid  with  copper,  the 
final  products  of  the  reaction  being  copper  sulphate,  water,  and 
sulphur  dioxide — 

Cu  +  2H,S04  =  CUSO4  +  SOj  +  2H,0. 

The  metals  mercury  or  silver  may  be  substituted  for  copper,  but 
in  practice  the  latter  metal  is  usually  employed. 

(5.)  Sulphtu:  dioxide  is  also  formed  when  sulphuric  acid  is  heated 
with  sulphur,  the  oxidation  of  the  sulphur  and  the  reduction  of  the 
sulphuric  add  going  on  simultaneously — 

S  +  2H,S04  =  2H,0  +  3S0,. 

(6.)  The  reduction  of  sulphuric  acid  may  be  brought  about  by 
means  of  carbon  ;  thus,  if  sulphuric  acid  be  heated  with  carbon,  the 
latter  is  oxidised  to  carbon  dioxide,  and  the  acid  is  reduced  to 
sulphur  dioxide — 

C  +  2H,S04  =  2HjO  +  2SOj  +  COg. 

This  method  is  employed  on  a  large  scale  for  the  preparation  of 
alkaline  sulphites.  The  carbon  dioxide  which  accompanies  the  sul- 
phur dioxide,  not  being  soluble  to  any  extent  in  water  containing 
sulphurous  acid,  is  not  in  any  way  detrimental. 

(7.)  Sulphur  dioxide  is  formed  by  the  decomposition  of  a  sulphite 
by  dilute  sulphuric  acid,  thus — 

Na^O,  -»-  H,SO<  =  Na,S04  +  HjO  +  SO^ 
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PropOFtles. — Sulphur  dioxide  is  a  colourless  gas,  having  At 
well-known  suffocating  smell  usually  associated  with  bonii 
sulphur.  The  gas  will  not  bum  in  the  air,  nor  will  it  support  At 
combustion  of  ordinary  combustibles  :  a  taper  introduced  intoAi^ 
gas  is  instantly  extinguished.  Sulphur  dioxide  is  more  than  tmat 
as  heavy  as  air,  its  specific  gravity  being  2.21 1  (air**  i\  On  4ii 
account  it  is  readily  collected  by  displacement :  it  cannot  be 
collected  over  water  on  account  of  its  solubility  in  that  liquid,  ta 
may  be  collected  over  mercury.  The  solubility  of  sulphur  dionde 
in  water  at  various  temperatures  is  seen  by  the  following  figniei- 

I  voL  of  water  at  o^  dissolves  79.789  vols.  SO^ 


»» 


»» 


»i 


n 


20" 

40« 


}} 


39.374 
18.766 


The  solution  is  strongly  acid,  and  is  regarded  as  sulphurooi 
acid,  the  gas  having  enteied  into  chemical  union  with  the  water- 

80,  +  H,0  =  HjSO,. 

On  cooling  a  saturated  solution  of  sulphur  dioxide  to  o*,  a  solid 
crystalline  hydrate  is  deposited,  having  the  composition   HjSO» 

SHjO.* 

When  the  solution  is  boiled,  the  whole  of  the  sulphur  dioxide  is 

expelled. 

Sulphur  dioxide  is  an  easily  liquefied  gas.  At  o*  a  pressure  of 
1.53  atmospheres  is  sufficient  to  condense  it,  while  at  ordinary 
pressures  it  may  be  liquefied  by  a  cold  of  -  lo*.  Its  cridcal 
temperature  is  I55.4'*' 

To  obtain  liquid  sulphur  dioxide,  the  gas,  as  evolved  from  the 
action  of  sulphuric  acid  upon  copper,  is  dried  by  being  passed 
through  a  bottle  containing  sulphuric  acid,  and  is  then  passed 
through  a  gas-condensing  tube,  Fig.  109,  immersed  in  a  fi^ee^ 
ing  mixture.  The  gas  at  once  condenses  in  the  bulb  of  the 
apparatus,  as  a  colourless,  transparent,  mobile  liquid,  which  boib 
at  -  8".  When  the  liquid  is  cooled  to  -  76*  it  solidifies  to  a  trans- 
parent, ice-like  mass. 

Liquid  sulphur  dioxide  is  largely  employed  as  a  refrigerating 
agent,  low  temperatures  being  obtained  by  its  rapid  evaporation 

*  Several  cryohydrates  of  sulphurous  add  have  been  obtained,  H.jSO3,6Hs0 
HaSpsJOHsO;  HaS0,,14H»0. 
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under  rfdiiccd  pressure,  Tlic  liquid  dissolves  pliosplioriis,  iodine, 
sulphur,  and  many  resins.  When  Ihrown  upon  water,  a  portion  of 
liie  liquid  dissolves,  and,  owing  to  the  reduction  of  temperature 
.  onsed  b]r  the  rapid  evaporation  of  the  remainder,  a  quantity  of 
Ae  water  is  frozen.  The  ice  so  produced  contains  a  large  pro- 
pOTticm  of  the  solid  hydrate  HiSO„eH,0. 

Ahbough  sulphur  dioxide  is  incapable  of  supporting  the  com- 
fanstMm  of  or^naiy  combustibles,  many  metals  will  take  fire  and 


bom  when  heated  in  the  gas.  Thus,  when  finely-divided  iron  is 
bested  in  a  stream  of  sulphur  dioxide  it  bums,  forming  sulphide 
and  oxide  of  the  metaL 

It  also  unites  with  many  metallic  peroxides,  and  often  with  so 
much  energy  as  to  give  rise  to  light  and  heat  Thus,  when  passed 
over  peroxide  of  lead,  the  mass  glows  spontaneously  in  the  gas, 
and  lead  sulphate  is  produced — 

PbOi  +  SO,  -  PbSO,. 

Sulphur  dioxide  is  decomposed  by  the  influence  of  stxnn^  lve,hl. 
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If  a  concentrated  beam  of  electric  light  be  passed  through  a  i 
filled  with  gaseous  sulphur  dioxide,  the  gas  at  first  will  q 
perfectly  transparent  and  clear  ;  but  in  the  course  of  a  fewmt 
the  track  of  the  beam  will  become  more  and  more  visJUe 
traverses  [he  gas,  owing  to  the  formation  of  thin  clouds  of  sol 
trioxide  and  sulphur,  until  the  atmos^ere  of  the  vessd 
to  be  filled  with  fog  (Fig.  no)— 

3SO,  -  SSOa  +  S. 

After  the  lapse  of  a  short  time,  if  the  vessel  be  Tcmorcdi 


the  strong  light,  the  atmosphere  will   once  more  become  dw, 
owing  to  the  reformation  of  sulphur  dioxide. 

Sulphur  dioxide  piossesses  powerful  bleaching  properties,  *faH 
in  the  presence  of  water.  Its  bleaching  action  is  due  to  iB 
absorption  of  oxygen  from  water,  and  consequent  liberalioo  ol 
hydrogen,  thus — 

SO,  +  2H,0  =  H,SO,  +  H^ 

The  hydrogen  so  set  free  reduces  the  colouring-matter,  with  die 
fbnnation  of  colourless  compounds ;  the  action  in  this  case  bong 
the  reverse  to  that  which  lakes  place  with  chlorine.  In  soiK 
instances,  the  bleaching  is  due  to  the  formation  of  a  coloorieB 
compound,  by  the  direct  combination  of  sulphur  dioxide  with  d* 
colouring-matter,  as  the  original  colour  may  often  be  restoredbf 
treatment  with  dilute  sulphuric  acid,  or  by  weak  alkaline  solutiooii 
Thus,  by  passing  sulphur  dioxide  into  an  infusion  of  rose  leaver 
the  red  colour  of  the  liquid  is  quickly  discharged,  but  oo  tlx 
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acitiiiion    of    a    small    quantit)'   of    siilpluiric    acid    the    (dhiur    is 
restored. 

Sulphur  dioxide  is  employed  in  bleaching  materials  that  would 
be  injured  by  exposure  to  chlorine,  such  as  straw,  silk,  wool, 
spongey  &c,  and  the  fiuniliar  yellow  colour  which  gradually  comes 
over  a  sponge  or  a  piece  of  bleached  flannel  when  it  is  washed 
^th  soap,  is  an  illustration  of  the  power  of  alkalies  to  restore  the 
original  colour  to  materials  that  have  been  bleached  by  this 
substance. 

In  the  presence  of  water,  sulphur  dioxide  converts  chlorine  into 
liydrochloric  add,  and  on  this  account  is  employed  as  an  '*  and- 
chlor"— 

SO,  +  2H,0  +  CI,  -  2HC1  +  H,S04, 

In  the  same  way  it  acts  upon  iodine,  with  the  formation  of 
bydriodic  acid — 

S0|  +  2H,0  +  I,  =  2HI  +  H,S04. 

In  the  case  of  iodine,  however,  this  reaction  only  takes  place 
when  a  certain  d^^ree  of  dilution  is  maintained,  for  in  a  more 
concentrated  condition  sulphuric  acid  is  reduced  by  hydriodic  acid, 
into  sulphur  dioxide,  according  to  the  reverse  equation,  thus — 

H,S04  +  2HI  «  I,  +  2H,0  +  SO,. 

It  has  been  shown**  that  aqueous  sulphurous  acid  can  only  be 
completely  oxidised  by  iodine,  as  indicated  in  the  former  equation, 
when  the  proportion  of  sulphur  dioxide  does  not  exceed  0.05  per 
cent* :  when  the  amount  exceeds  this  proportion  the  second  reaction 
comes  into  operation. 

Sulphur  (Uoxide  brought  into  contact  with  iodic  acid,  or  an 
iodate,  is  ondised  into  sulphuric  acid  and  liberates  iodine,  thus — 

2HI0j  +  4H,0  +  6S0j  =  5H,S04  +  If 

This  reaction  is  made  use  of,  as  a  method  for  the  detection  of 
the  presence  of  sulphur  dioxide.  Paper  which  has  been  moistened 
with  a  solution  of  potassium  iodate  and  starch,  on  exposure  to 
sulphur  dioxide  is  at  once  turned  blue,  owing  to  the  liberated 
iodine  combining  with  the  starch. 

*  Bunsen. 
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The  composition  of  sulphur  dioxide  may  be  detennined  by  te 
combustion  of  sulphur  in  a  measured  volume  of  oxygen,  in  te 
apparatus  employed  for  showing  the  volume  composition  of  caiim 
dioxide  (Fig.  64).  After  the  fragment  of  sulphur  has  bnnit^  ati 
the  apparatus  has  been  allowed  to  cool,  it  will  be  seen  that  dm 
is  no  alteration  in  the  volume  of  the  contained  gas  ;  the  soKpbv 
dioxide  produced,  occupying  the  same  volume  as  the  oxygen  owi 
in  its  formation.  Sulphur  dioxide,  in  other  words^  contains  in 
own  volume  of  oxygen.  One  molecule,  therefore^  of  solphnr 
dioxide  contains  one  molecule  of  oxygen,  weiglung  31.92.  Bat 
the  molecular  weight  of  sulphur  dioxide  is  63.92 ;  tfaerelbie 
63.92  "  31.92  —  32  —  the  weight  of  sulphur  contained  in  the 
molecule  of  the  gas.  Sulphnr  dioxide,  therefore,  contains  in  the 
molecule  one  atom  of  sulphur,  combined  with  two  atoms  of  oxygcs, 
hence  its  composition  is  expressed  by  the  formula  SO^ 

SulphUFOus  Aeid  and  Sulphites.— Sulphurous  add  b  odj 
known  in  solution  and  in  its  cryohydrates.  The  solution  smeDs 
of  sulphur  dioxide,  and  gradually  undeigoes  decomposition  bj 
absorption  of  oxygen.  The  acid  is  dibasic,  having  two  atoms  of 
hydrogen  replaceable  by  metals  :  it  is  therefore  capable  of  fonn- 
ing  two  series  of  salts,  according  to  whether  one  or  both  of  the 
hydrogen  atoms  are  replaced.  Thus,  by  its  action  upon  potassiom 
hydroxide,  when  the  acid  is  in  excess  the  so-called  acid  potassiom 
sulphite,  or  hydrogen  potassium  sulphite,  is  obtained — 

KHO  +  HjSO,  =-  H,0  +  HKSOa. 

Whereas,  if  the  metallic  hydroxide  be  in  excess,  the  normal 
potassium  sulphite  is  formed — 

2KH0  +  HjSOj  -  2H,0  +  K,SO,. 

The  alkaline  sulphites  are  readily  soluble  in  water,  all  other 
normal  sulphites  being  either  difficult  of  solution  or  insoluble. 

8ULPHUB  TBIOZIDB. 

Formula,  SQf.    Molecular  weight  =79.88.    Vapour  density  =  99.93. 

Modes  of  Formation. — (i.)  This  compound  is  produced,  when 
a  mixture  of  sulphur  dioxide  and  oxygen  is  passed  over  heated 
spongy  platinum  or  platinised  asbestos — 

SO,  +  O  =  SO^ 


SiilpJiur  Trioxiiic  3S; 

Or.  loading  the  prodiK  t  lliioui^h  a  \\elI-(  oolcd  fclcivcm,  the  hulplmr 
trioxide  condenses  in  white  silky  needles.  This  method  has  been 
successfully  employed  on  a  commercial  scale.  The  mixture  of 
sulphur  dioxide  and  oxygen,  is  obtained  by  allowing  ordinary  strong 
flDlphuric  add  to  drop  into  earthenware  retorts  heated  to  bright 
ittdness^  whereby  it  is  almost  entirely  broken  up  into  these  two 
S&ses  and  water,  thus — 

H,S04  -  SO,  +  O  +  HjO. 

The  gases  are  then  deprived  of  the  water,  by  passage  first  through 
m  condenser,  and  then  through  a  leaden  tower  containing  coke 
mcnsteiied  with  sulphuric  acid,  and  are  finally  passed  over  heated 
platinised  asbestos  contained  in  glazed  earthenware  pipes. 

(2.)  Sulphur  trioxide  is  most  conveniendy  obtained  by  gently 
heating  p3rrosulphuric  add  in  a  glass  retort  The  trioxide  distils 
over  and  may  be  collected  in  a  well-cooled  receiver — 

HAOr  =  H,S04  +  SO3. 

(3.)  It  may  also  be  obtained  by  heating  sodium  pyrosulphate  to 
bright  redness — 

Na,S,Or  =  Na^SO*  +  SOj. 

The  sodium  pyrosulphate  is  produced  when  hydrogen  sodium 
sulphate  (so-called  bisuiphate  of  soda)  is  heated  to  about  300°, 

SHNaS04  =  H,0  +  Na,S,CV 

And  on  account  of  this  origin  it  is  sometimes  termed  anhydrous 
sodium  bisuiphati, 

(4.)  Sulphur  trioxide  can  also  be  produced  by  the  action  of 
phosphorus  pentoxide  upon  sulphuric  acid.  This  most  powerful 
dehydrating  substance  withdraws  from  the  sulphuric  add  the 
dements  of  water,  when  gendy  heated,  thus — 

H,S04  +  PjOft  =  2HPO3  +  SO,. 

The  trioxide  is  ^stilled  from  the  mixture,  and  the  metaphosphoric 
add  remains  in  the  retort 

Properties. — Sulphur  trioxide  is  a  white,  silky-looking,  crystal- 
line substance,  which  mdts  at  14.8**  and  boils  at  46''.  It  is  very 
volatile,  and  gives  off  dense  white  fumes  in  contact  with  air,  owing 
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to  the  combination  of  its  vapour  with  atmospheric  moisture  to  fon 
sulphuric  acid.  It  combines  with  water  with  great  eneigy  to  Ion 
sulphuric  acid ;  a  fragment  of  the  compound  dropped  into  wata 
dissolves  with  a  hissing  sound  resembling  the  quenciiing  of  red-bot 
iron — 

SO,  +  H,0  =  H,S04. 

When  brought  in  contact  with  the  skin,  or  other  organic  mativ 
containing  hydrogen  and  oxygen,  it  abstracts  these  elements  aal 
produces  a  burnt  or  charred  effect  upon  the  substance.  Sul^te 
trioxide  unites  directly  with  bariiun  oxide,  BaO,  and  if  the  baryta 
be  dry,  the  mass  becomes  incandescent  owing  to  the  heat  of  the 
union,  and  barium  sulphate  is  formed — 

BaO  +  SO,  =  BaS04. 

When  the  vapour  of  sulphur  trioxide  is  passed  through  a  red-hot 
tube,  it  is  broken  down  into  sulphur  dioxide  and  oxygen. 

When  the  trioxide  is  heated,  it  melts  to  a  colourless  liquid,  whidi 
exhibits  a  remarkably  high  rate  of  expansion  by  heat ;  between 
25°  and  45°  its  mean  coefficient  of  expansion  is  0.C027,  nearly  three- 
fourths  of  the  expansion  coefficient  of  a  gas. 

Sulphur  Sesquioxlde,  S2O3.— A  solution  of  this  compound  io 
fuming  sulphuric  acid  was  obtained  early  in  the  century  by  heating 
flowers  of  sulphur  with  Nordhausen  sulphuric  acid,  whereby  a  blue 
solution  was  obtained.  The  substance  may  be  prepared  by  the 
gradual  addition  of  dry  flowers  of  sulphur  to  melted  sulphur 
trioxide,  at  a  temperature  just  above  its  melting-point,  when  a 
malachite-green  crystalline  solid  separates  out. 

The  compound  is  unstable  at  ordinary  temperatures,  being 
resolved  into  sulphur  dioxide  and  sulphur,  the  decomposition  taking 
place  rapidly  upon  gently  warming — 

SSjOs  =  S  +  3S0j. 

If  the  sesquioxide  be  sealed  up  in  a  bent  glass  tube  and  gently 
warmed,  the  sulphur  dioxide  may  be  obtained  liquid  in  one  limb  of 
the  tube. 

PEBSULPHUBIC  ANHYDRIDE. 

Formula,  S3O7. 

This  compound  is  formed  when  a  mixture  of  dry  sulphur  dioxide 
and  oxygen  is  subjected  to  the  silent  electric  discharge,  in  an  ozone 
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'::M^.>r',  or  by  treatir,;^''  ?ulj)luii"  trloxidc  .hkI  ux\-cn  in  the  b.imc 
manner.  At  the  end  of  some  hours  a  small  quantity  of  a  viscous 
liquid  collects  upon  the  walls  of  the  glass  vessel,  which  when 
cooled,  solidifies  in  the  form  of  long  transparent  needle-shaped 
crystals,  resembling  sulphur  trioxide  in  appearance.  It  is  a  very 
unstable  substance,  and  can  only  be  preserved  a  short  time  even  at 
k»w  temperatures.  It  is  soluble  in  water,  with  the  formation  of 
persnlpburic  addi  but  the  sohition  rapidly  undergoes  decomposition 
into  oxygen  and  sulphuric  add — 

SjOy  +  H,0  =  2HSO4. 
8HSO4  +  H,0  =  2H^04  +  O. 

When  very  gently  warmed,  persulphuric  anhydride  rapidly 
teeaks  up  into  sulphur  trioxide  and  oxygen — 

SA  =  2S0,  +  O. 

The  readiness  with  which  it  gives  up  oxygen,  constitutes  this  com- 
pound a  powerful  oxidising  agent,  and  affords  the  clue  to  most  of 
its  reactions. 

Fnoiyhnlt  Aild  and  fanmlphatai.— When  dilute  sulphuric  acid  is  sub- 
jected to  etertmlyA  (as  in  the  prooesa  commonly  spoken  of  as  the  eUctrofysis 
^— flfr),  sppwdablf  quantities  of  persulphuric  acid  are  found  in  solution  at 
Ibe  podUve  electrode,  or  anode. 

The  add  itielf  has  never  been  obtained  in  a  state  of  purity,  its  aqueous 
tplfrti^^  rapidly  ladefgoing  decomposition,  as  already  mentioned. 

In  solution  this  compound  displays  all  the  oxidising  properties  of  the  oxide. 

Tba  poCaMian  salt  may  be  obtained  by  the  electrolysis  of  a  saturated  solu- 
tioD  of  hydrogen  potaniiim  sulphate  in  a  divided  cell,  the  action  being  due  to 
the  osidntion  of  the  hydrogen  potassium  sulphate  by  the  nascent  oxygen 
developed  at  the  anode,  thus — 

2HKSO4  +  O  =  H,0  +  2KSO4. 

The  potassium  persulphate,  being  a  sparingly  soluble  salt,  crystallises  out. 
and  may  be  freed  firom  the  add  sulphate  by  recrystallisation. 

The  anamonium  salt,  NH^S04,  and  the  barium  salt.  Ba(S04)3.4H20.  have 
also  been  obtained.  Barium  persulphate  b  soluble  in  water,  being  much  more 
readily  dissolved  than  the  potassium  salt ;  thus,  100  parts  of  water  at  o**  dissolve 
1.77  ports  of  potassium  persulphate  and  52.2  parts  of  the  barium  salt.  On 
this  account  solutions  of  persulphates  give  no  precipitate  with  barium  chloride, 
whereby  they  are  distinguished  from  sulphates :  if  the  mhcture  be  warmed, 
however,  the  persulphate  is  decomposed  into  a  sulphate,  with  evolution  of 
chlorine. 


2KSO4  +  BaCl,  =  Ba(S04),  +  2KC1  =  BaS04  \  K^^  -V  CV^ 

1  \^ 
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In  the  solid  condition  the  persulphates  are  staUe  salts,  but  their  aqoeool 
solutions  gradually  evolve  oxygen  and  become  converted  into  sulj^iates— 

2KSO4  +  H,0  =  2HKSO4  +  a 

The  reactions  exhibited  by  solutions  of  persulphates  are  those  of  stroog 
oxidising  agents. 

HyporolphuroiiB  Add,*  HjSOs.— This  compound  is  obtained  by  the  rediB> 
tion  of  sulphurous  add  by  means  of  nascent  hydrogen.  Thus,  when  zincii 
acted  upon  by  an  aqueous  solution  of  sulphurous  acid,  no  hjrdrogen  is  evolved, 
as  the  nascent  gas  combines  with  oxygen  of  the  add  to  form  water — 

HjSO,  +  H,  =  H^  +  H^,. 

The  solution  so  obtained,  has  a  yellowish  colonr,  and  possesses  powerM 
reducing  and  bleaching  properties. 

Sodium  hyposulphite  (HNaSOs)  may  be  obtained  by  the  action  of  zinc  upon 
a  cooled  concentrated  solution  of  hydrogen  sodium  sulphite  (HNaSOJ,  air 
being  carefully  excluded,  a  double  sulphite  of  sodium  and  zinc  being  at  ti» 
same  time  produced,  thus — 

3HNaSO,  +  Zn  =  HNaSO^  +  NajSOj.ZnSOs  +  H,0. 

The  greater  part  of  the  double  sodium-zinc  sulphite  is  deposited  as  crystals. 
the  rest  is  removed  by  adding  to  the  mother  liquor  about  four  times  its  voIuzdc 
of  alcohol,  in  a  closed  flask.  The  double  salt,  being  less  soluble  in  alcohol  thaa 
the  hyposulphite,  is  first  deposited,  and  the  clear  liquid,  after  being  p>oured  off 
and  corked  up,  is  cooled,  when  it  solidifies  to  a  mass  of  cr3rstals  of  nearly 
pure  sodium  hyposulphite.  The  crystals  in  the  wet  condition  are  rapidlj 
oxidised  on  exposure  to  air ;  but  if  quickly  pressed  between  blotting-piiq)er  and 
dried  in  vacuo,  the  dry  salt  is  not  acted  upon  by  atmospheric  oxygen. 

The  acid  is  obtained  from  the  sodium  salt,  by  the  acticm  upon  it  of  oial^ 
acid. 

Sodium  hyposulphite  is  also  formed  when  a  solution  of  hydrogen  sodinm 
sulphite  is  subjected  to  electrolysis,  the  nascent  hydrogen  developed  at  the 
negative  electrode  reducing  the  sulphite  to  hyposulphite,  by  the  abstractioD  of 
one  atom  of  oxygen. 

Properties. — Hyposulphurous  acid  is  an  extremely  unstable,  yellow-coloured 
liquid,  which  rapidly  decomposes,  first  into  thiosulphuric  add  and  water,  and 
finally  into  sulphur  dioxide,  water,  and  sulphur — 

2H2SOa  =  HgSaOs  +  HoO. 
HaSaOj  =  SOo  +  H3O  +  S. 

The  acid  reduces  salts  of  silver  or  mercury,  with  precipitation  of  the  metal, 

thus — 

HgCLj  +  H2O  +  HgSOa  =  Hg  +  2HC1  +  HjSOa. 


*  This  compound  (sometimes  called  hydrosulphurous  acid)  must  not  be  con- 
founded with  thiosulphuric  acid,  which  is  often  incorrectly  called  hypo- 
su/p/iurous  acid  (page  396V 
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r;.'.'  -■  d:::in  sj'.t  jk:— e— ''.-^  tlv"  >:x\\\i-  1  •lca(.!.:iig  ;i:r.l  rcdu  iul;  [^  -W'  i .-.  a-.  t!.o 
::*.'. ;  \  \  and  when  wet,  or  in  solution,  it  rapidly  absorbs  oxygen  from  the  air  and 
IS  converted  into  hydrogen  sodium  sulphite — 

HNaSOa  +  O  =  HNaSO^ 


BULPHUBIC  ACm 

Formula.  HSSO4. 

Modes  of  FomiatiOIL — (i.)  This  acid  is  formed  when  sulphur 
trioxide  is  dissolved  in  water — 

SO,  +  H,0  -  HjSO^. 

(2.)  It  is  also  formed  by  the  direct  union  of  sulphur  dioxide  with 
hydrogen  peroxide — 

SO,  +  H,0,  -  HjSO^. 

(5.)  An  aqueous  solution  of  sulphur  dioxide  gradually  absorbs 
oxygen,  and  is  converted  into  sulphuric  acid— 

HjSO,  +  O  -  H,S04. 

(4.)  Manuflaetlire  of  Sulphurie  AelcL — Sulphur  dioxide  is  un- 
able to  absorb  an  additional  atom  of  oxygen,  and  so  pass  into 
sulphur  ttioxide,  without  the  aid  of  some  third  substance,  which 
can  act  as  a  catalytic  agent,  or  a  carrier  of  oxygen.  The  material 
which  is  employed  for  this  purpose,  in  the  process  by  which  sul- 
phuric add  is  manufactured,  is  one  of  the  oxides  of  nitrogen,  which 
is  capable  of  giving  up  oxygen  to  the  sulphur  dioxide,  and  of  again 
taking  up  oxygen  from  the  air.  Thus,  nitrogen  peroxide  (NGj), 
by  the  loss  of  one  atom  of  oxygen,  is  reduced  to  nitric  oxide,  NO  ; 
which  in  its  turn  combines  with  atmospheric  oxygen,  and  is  re- 
converted into  nitrogen  peroxide.  Therefore,  when  sulphur  dioxide 
and  oxygen  are  mixed  with  nitrogen  peroxide  in  the  presence  of 
steam,  a  series  of  reactions  takes  place,  the  final  result  of  which 
is  that  the  oxygen  is  caused  to  combine  with  the  sulphur  dioxide 
and  water,  with  the  formation  of  sulphuric  acid— 

SO,.+  O  +  HjO  =  H2SO4. 

The  nitrogen  peroxide  at  the  end  of  the  reaction  is  unchanged, 
and  is  able  to  react  in  the  same  series  of  changes  ovtx  ocad  qn«i 
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again,  thus  transforming,  theoretically,  an  unlimited,  and,  ■ 
practice,  a  relatively  large  quantity  of  sulphur  dioxide  into  sd* 
phuric  acid. 

The  series  of  changes  that  gives  rise  to  the  ultimate  product  li 
the  following  : — The  sulphur  dioxide,  nitrogen  peroxide,  and  water 
give  rise,  in  the  first  place,  to  the  formation  of  nitro-sulphoMC 
acid  and  a  molecule  of  nitric  oxide 


(I.)    2S0,  +  3N0j  +^,0  =  2H(NO)S04  +  NO. 

Nitro-sul phonic  acid  (sometimes  called  mtro-suipkuric  acH  and 

nitrosyl  sulphate)  may  be  regarded  as  sulphuric  add  in  which  ooe 

of  the  hydrogen  atoms  is  replaced  by  the  group  (NO),  thus, 

/OH 
SOoC  in  which  case  the  nitrogen  is  linked  to  the  sulphur 

\0-N0, 

by  the  intervention  of  oxygen  :  or  it  may  be  considered  as  derived 

from  sulphuric  acid  by  the  replacement  of  one  of  the  groups  (HO) 

/OH 

by  the  group   NO2,  SO2C  when  the  nitrogen   is  directly 

\N02, 

attached  to  the  sulphur.     The  substance  is  a  white  crystalline 

compound,  which  in  the  presence  of  water  is  instantly  decomposed 

into  sulphuric  acid  and  a  mixture  of  nitric  oxide  and  nitrogen 

peroxide,  thus — 

(2.)    2S0/H0XN0,)  +  HjO  =  2H2SO4  +  NO  +  NO,. 

The  nitric  oxide  in  this  and  the  former  reaction,  on  coming  in 
contact  with  the  atmospheric  oxygen,  is  at  once  reconverted  into 
nitrogen  peroxide — 

(3.)     NO  +  O  =  NO,. 

In  the  process  of  the  manufacture,  the  crystalline  compound 
SOj5(HO)(N02)  (known  as  chamber  crystals)  is  not  actually  isolated, 
unless  from  accidental  causes  the  supply  of  water  is  in  deficit,  the 
production  of  these  crystals  being  regarded  as  an  indication  that 
the  process  is  not  being  well  carried  out. 

The  formation  of  sulphuric  acid  by  these  reactions,  with  the 
intermediate  production  of  the  chamber  crystals,  may  be  carried 
out  on  a  small  scale  by  means  of  the  apparatus  shown  in  Fig.  1 1 1. 
A  large  fiask,  F,  is  fitted  with  a  cork,  through  which  pass  int 
tubes  :  three  of  these  are  connected  to  separate  two-necked  bottles 
containing  sulphuric  acid,  through  which  can  be  delivered  respec- 


.ulplu, 


I'llO 


is  attached  to  a  flask  in  which  water  may  be  boiled,  and  througli 
which  oxygen  can  be  pused,  and  the  fifth  tube  (not  shown  in 
the  figure)  serves  as  an  cxit^  A  quantity  of  oxygen  is  first  passed 
into  the  large  flask  through  the  drying-bottle  D,  and  suflicient 
nitric  oxide  is  then  allowed  to  enter,  to  form  deep  red  vapours ;  at 
the  same  time  sulphur  dioxide  is  passed  in  through  the  bottle  S. 
In  order  to  introduce  a  small  quantity  of  moisture,  oxygen  is 
allowed  to  enter  through  the  flask  of  boiling  water,  and  in  a  few 
■nomeiits  luge  white  ciystals  begin  to  form  all  over  the  interior 


of  the  flask,  and    ntpidly  spread    until   the    whole    surface    is 
covered. 

In  order  to  show  the  second  reaction  in  the  cycle,  the  gaseous 
contCDts  of  the  flask  may  be  swept  out  by  means  ofa  rapid  stream 
of  oxygen,  passed  in  through  the  drying-bottle  D  ;  and  when  the 
atmosphoe  within  the  apparatus  is  colourless,  a  quantity  of  steam 
b  driven  in  from  the  stnall  flask.  The  chainber  crystals  will  be 
seen  to  dissolve  with  eflervescence,  and  the  flask  once  more 
becomes  filled  with  brown  fumes.  The  nitric  oxide  evolved  by 
the  deconporitioD  of  the  nitrosyt  sulphate,  coming  in  contact  with 
the  oxygen  within  the  flask,  at  once  regenerates  nitrogen  peroxide, 
in  accofdance  with  equation  No.  3. 


The 


fimncd  in  the  flask  will  be  found  \a  fveld  %  ^t«- 
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cipitate  of  barium  sulphate,  on  the  addition  to  it  of  a  solubk 
barium  salt 

On  a  manufacturing  scale,  the  combination  of  the  reacting  gases 
and  vapours  which  gives  rise  to  the  sulphuric  add,  takes  place  in 
large  leaden  chambers,  usually  about  loo  feet  long,  25  flDet  iride^ 
and  20  feet  high,  having  therefore  a  capacity  of  50,000  cubic  feet; 
several  of  such  chambers  bang  placed  in  series.  Into  these 
chambers  there  is  delivered  sulphur  dioxide,  air,  ondes  of  nitrogen, 
and  steam. 

The  plant  employed  for  the  manufacture  of  sulphuric  add  con* 
sists  broadly  of  four  parts,  i.  Apparatus  for  generating  sulphnr 
dioxide.  2.  Apparatus  for  produdng  oxides  of  nitrogen.  3.  Appa- 
ratus for  absorbing  oxides  of  nitrogen  from  the  gases  leaving  the 
chambers.    4.  The  chambers  in  which  the  reactions  are  made. 

(i.)  Pyrites  Burners, — The  sulphur  dioxide  is  obtained  either  by 
burning  native  sulphur,  or  roasting  the  "spent  oxide"  of  the  gas 
works  (see  Sulphur),  or  by  roasting  pyrites,  the  latter  being  the 
most  general  method.  The  pyrites  burner.  Fig.  112,  B,  is  essen- 
tially a  small  furnace  or  kiln  in  which  the  ore  is  heated,  and  in 
which  the  admission  of  air  can  be  duly  regulated  ;  as  not  only  is  it 
necessary  to  admit  sufficient  air  to  completely  bum  the  whole  of 
the  sulphur,  and  so  prevent  any  volatilisation  of  it  in  an  unburnt 
condition,  but  also  to  supply  the  requisite  volume  of  oxygen  for  the 
requirements  of  the  reactions  which  are  to  go  on  within  the  cham- 
ber. Too  large  a  volume  of  air  must  be  avoided,  in  order  not  to 
unduly  dilute  the  chamber  gases. 

(2.)  If  no  loss  of  nitrogen  peroxide  took  place  during  the  cycle 
of  changes,  the  same  quantity  of  this  gas  would  convert  an  infinite 
amount  of  sulphur  dioxide  and  water  into  sulphuric  acid ;  but  in 
practice,  owing  to  leakage,  defective  absorption,  and  the  reduction 
of  a  certain  percentage  of  this  compound  into  nitrous  oxide,  it  is 
necessary  to  constantly  replenish  the  supply.  This  is  usually  done 
by  generating  a  small  quantity  of  nitric  acid  (by  the  action  of 
sulphuric  acid  upon  nitre)  in  earthenware  pots,  which  are  usually 
placed  in  an  enlarged  part  of  the  flue  of  the  pyrites  burner,  known 
as  the  "nitre  oven,"  and  which  is  provided  with  a  door  for  the 
introduction  of  the  pots.  Fig.  112,  N.  The  heated  gases  pla^ng 
upon  these  pots,  promotes  the  evolution  of  the  nitric  acid,  whidi  in 
contact  with  sulphur  dioxide  is  at  once  decomposed  according  to 
the  equation — 

2HNO5  -\-  SO^=  H^SO^-V  ^NO^ 
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It  is  found  that  to  make  up  for  the  loss  of  nitrogen  peroxide, 
out  three  to  four  parts  of  nitre  are  required  for  every  100  parts 
sulphur,  burnt  as  pyrites. 

[3.)  The  apparatus  for  the  absorption  of  the  nitrogen  peroxide 
»m  the  gases  that  are  drawn  from  the  chamber  at  the  end  of  the 
lies,  is  known  as  the  ''Gay-Lussac  Tower,**  Fig.  112,  T.  This 
Qsists  of  a  square  leaden  tower  filled  with  fragments  of  coke, 
d  down  which  there  is  caused  to  slowly  percolate,  a  stream  of 
Id  strong  sulphuric  acid,  the  acid  being  evenly  spread  over  the 
iss  of  coke  by  a  special  distributing  arrangement.  The  nitrogen 
rozide  is  absorbed  by  the  acid,  with  the  formation  of  nitro- 
(phonic  acid,  S0s(H0)(N02}.  In  order  to  make  use  of  the 
sorbed  nitroxygen  compound,  the  acid  which  flows  from  the 
ly-Lnssac  tower  is  pumped  to  the  top  of  another  very  similar 
irer,  situated  between  the  "burners  "  and  the  first  of  the  cham- 
rs,  and  known  as  the  "  Glover  Tower,"  G.  The  hot  gases  from 
e  burners,  consisting  of  sulphur  dioxide,  nitrogen,  and  oxygen, 
^ether  with  the  small  quantities  of  nitrogen  peroxide  from  the 
Lre  pots,  are  made  to  pass  up  this  tower  on  their  way  to  the  first 
amber,  and  meeting  with  the  descending  stream  of  nitro-sul- 
lonic  add  as  it  percolates  through  the  mass  of  coke  with  which 
e  tower  is  filled,  denitrification  of  the  latter  takes  place,  thus — 

2SO,(HOXNO0  +  SOj  +  2H,O=2NO  +  3SO^HOXHO), 

or  3H^04. 

The  nitric  oxide  thus  evolved,  in  presence  of  the  atmospheric 
ygen,  is  converted  into  nitrogen  peroxide,  and  swept  along  with 
e  other  gases  into  the  chambers. 

In  practice,  it  is  usual  to  deliver  down  the  Glover  tower,  besides 
e  nitro-sulphonic  add,  a  quantity  of  "chamber  acid"  from  a 
parate  tank.  The  effect  of  the  heated  gases  upon  this  dilute 
id,  is  to  remove  a  portion  of  the  water  from  it,  thereby  effecting 
»  partial  concentration,  and  furnishing  the  water  demanded  by 
e  above  equation.  It  will  be  seen,  therefore,  that  there  is  a 
rubber  tower  at  each  end  of  the  series  of  chambers,  the 
Gay-Lussac "  at  the  exit,  where  nitrogen  peroxide  is  absorbed  ; 
id  the  "Glover"  at  the  commencement,  where  the  dissolved 
trogen  compound  is  again  liberated  and  returned  to  the 
lambers. 
(4.)  The  chambers  are  made  of  sheet  lead,  connected  together 
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by  fusing  the  edges  by  means  of  an  oxyhydrogen  flame,  withou: 
the  intervention  of  solder,  as  the  presence  of  another  metal  gives 
rise  to  the  rapid  corrosion  of  the  lead  on  account  of  galvanic 
action  being  set  up ;  this  method  of  joining  the  lead  is  known  as 
autoj^enous  soldering.  The  enormous  leaden  chamber  is  supported 
in  a  framework  of  wood,  to  which  the  lead  is  secured  by  bands  of 
the  same  metal,  and  the  whole  is  usually  supported  on  iron  or 
brick  pillars. 

The  general  arrangement  of  a  modem  sulphuric  acid  works  is 
seen  in  Fig.  112.  The  gases  from  the  double  row  of  pyrites 
burners  B,  are  led  through  the  Glover  tower  G,  where  they 
effect  the  denitrification  of  the  nitro-sulphonic  add|  as  all 
explained.  From  this  tower  they  are  delivered  into  the 
chambers,  wliere  they  meet  with  the  necessary  supply  of 
The  acid  collects  upon  the  floor  of  the  chambers,  and  •aiwplff 
constantly  drawn  off  by  means  of  an  arrangement  known 
drip  pipCy  which,  acting  in  a  manner  similar  to  a  rain  gauge,  ii 
catcs  the  progress  of  the  processes  going  on  within.  The 
after  being  drawn  through  the  entire  series  of  chambers,  by  mi 
of  the  draught  caused  by  the  tall  chimney,  are  finally  passed  up 
tlie  Gay-Lussac  tower  T,  where  all  the  nitrogen  peroxide  is 
absorbed,  and  returned  to  the  chambers  through  the  intervention 
of  the  Glover  tower  G,  as  above  described. 

The  acid  which  collects  in  the  chambers,  is  usually  not  permitted 
to  reach  a  hijjher  specific  gravity  than  about  1.6,  when  it  contains 
about  68  per  cent,  of  sulphuric  acid  ;  for  if  the  strength  be  allowed 
to  exceed  this,  the  acid  not  only  begins  to  dissolve  the  nitrogen 
peroxide  in  the  chamber,  but  exerts  a  corrosive  action  upon  the 
lead  of  which  the  chamber  is  constructed.  It  is  therefore  with- 
drawn, and  the  first  stage  in  the  further  concentration  is  effected 
either  by  the  action  of  the  Glover  tower,  or  by  evaporation  in 
shallow  leaden  pans. 

In  order  to  bring  up  the  strength  of  the  acid  to  that  of  "oil  of 
vitriol,"  that  is,  to  about  98  per  cent.,  the  acid  from  the  Glover 
tower,  or  the  leaden  pans,  is  heated  in  either  glass  or  platinum 
stills. 

Sulpliuric  acid,  unless  specially  purified,  is  liable  to  contain  a 
number  of  impurities,  such  .is  lead  sulphate,  derived  from  the 
action  of  the  acid  upon  the  chamber ;  arsenic,  from  the  pyrites 
employed  ;  oxides  of  nitrogen,  and  sulphur  dioxide.  From  most 
of  ihe  impurities,  except  the  arsenic,  the  acid  may  be  purified 


Sulphuric  Aciil 


(NHJ^O«  +  SSO/HOXNO^  =  3H,S0,  +  2H,0  +  2N, 


N.— Hcanh   *bcn   lb*   alcn  p(. 

C— cCnTim,  wlib  twa tub U  lop  ; 
ooc  for  tba  Dltn^^ulplmiic  add  dfi- 
flvtd  frooi  fh*  GH'LumK  tovcr. 


B  eadosed  in  wooden  ihedt. 


Anenic  may  be  removed  by  boilmg  tbe  acid  with  hydrochloric 

acid  or  sodium  chloride,  when  it  passes  away  as  arsenious  chloride. 

PnilMFtlflt. — Sulphuric  acid  is  a  perfectly  colourless,  hcav^^ 
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oily  liquid.  The  add  obtained  by  distillatioiiy  always  contains 
about  2  per  cent,  of  water ;  stronger  than  this  it  cannot  be  prepand 
by  evaporation  or  distillation.  When,  however,  add  of  this  strength 
is  cooled  to  o*,  colourless  crystals  of  pure  sulphuric  add,  containing 
100  per  cent  H^SO^,  are  deposited.  The  crystals  melt  at  ia5\ 
and  remain  liquid  at  temperatures  much  bdow  this  point  The 
specific  gravity  of  the  pure  add  is  1.854  at  o*.  When  boiled,  it 
gives  ofT  sulphur  trioxide  until  the  amount  of  water  in  it  rises  to 
1.5  per  cent,  when  it  distils  unchanged  at  a  temperature  of  338*. 

Sulphuric  add  has  a  poweriiil  affinity  for  water,  and  absoibs 
moisture  from  the  atmosphere  wiHtk  great  readiness.  On  this 
account  it  constitutes  one  of  the  most  valuable  desiccating  agents, 
and  is  constantly  made  use  of  for  depriving  gases,  upon  whidi  it 
exerts  no  chemical  action,  of  aqueous  vapour.  Owing  to  its  strong 
affinity  for  water,  it  decomposes  many  oiganic  substances  contun- 
ing  hydrogen  and  oxygen,  withdrawing  from  the  compounds  these 
elements  in  the  proportion  to  yield  water :  its  action  upon  fonnic 
acid,  oxalic  acid  (see  Carbon  Monoxide),  and  alcohol  (see  Ethy- 
lene) are  examples  of  this  action. 

When  the  acid  is  poured  upon  such  substances  as  wood  or  sugar, 
the  elements  composing  water  are  withdrawn,  and  the  carbon  is 
liberated,  with  the  result  that  the  compounds  are  blackened  or 
charred. 

When  sulphuric  add  is  mixed  with  water,  considerable  heat  is 
disengaged,  the  temperature  often  rising  to  the  boiling-point  of 
water,  and  at  the  same  time  a  diminution  in  volume  takes  place. 
The  maximum  contraction  is  obtained  upon  mixing  the  materials 
in  the  proportion  of  one  molecule  of  acid  to  two  molecules  of  water. 
The  diminution  in  volume  in  this  case  amounts  to  8  (>er  cent,  and 
the  composition  of  the  acid  produced,  corresponds  to  the  formula 
H2S04,2H20. 

Sulphuric  add  combines  with  water  in  various  proportions,  fomi- 
ing  a  number  of  hydrates,  and  cryohydrates,  of  a  more  or  less 
definite  character.  The  best  known  hydrates  are  those  represented 
by  the  formulae  HgSOijHjO  and  H2S04,2H20.  These  compounds 
may  be  regarded  as  respectively  tetrabasic  and  hexabasic  sulphuric 
acid,  and  their  relation  to  the  ordinary  dibasic  add  may  be 
expressed  by  the  following  formulae — 

H2SO4        ...    or  SO,(HO),. 
H4SO5  or  H,S04,H20   „   S0(HC)4. 
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Salts  of  eadi  of  these  adds  are  known — 

Hydrogen  potassium  solphate  .    .     HKSO^^ 

Normal  potassium  sulphate     .    .     KSSO4   j- Derived  from  H2SO4. 

Bartmn  solphate BaSO^  J 

Tetrabasic  lead  sulphate     .    .    .    PbjSOs         ..  ..    H4SO5. 

Hexabasic  mercuric  sulphate  )  r*^  cr^  rr  en 

(Turpeth  mineialP    \     '    ^^'^^        "         "    "•^^- 

Most  sulphates  are  soluble  in  water :  those  of  lead,  calcium,  and 
trontium  are  only  very  sparingly  soluble,  whilst  barium  sulphate  is 
isoluble  both  in  water  and  adds.  The  presence  of  sulphuric  add 
r  a  sulphate,  may  therefore  be  readily  detected  by  the  addition  of 

soluble  barium  salt,  which  causes  the  inunediate  precipitation  of 
fhite  barium  sulphate,  insoluble  in  hydrochloric  acid. 


TBOBULPHUBIC  ACID  {.Nordhausm  Acid;  Fuming  Sulphuric  Acid), 

Formula,  H AO7  or  |Jg:|g«  }  O. 

Modes  of  FormotiOlL— (i.)  This  acid  may  be  obtained  by  dis- 
olving  sulphur  trioxide  in  ordinary  sulphuric  add — 

H,S04  +  SO3  =  HaSjOy. 

>n  cooling  the  solution  to  0%  the  pyrosulphuric  acid  separates  out 
a  the  form  of  large  colourless  crystals. 

(2.)  Pyrosulphuric  add  is  manufactured  by  the  distillation  of 
errous  sulphate  in  day  retorts,  mounted  in  series  in  a  large 
'galley"  fiurnace.  The  first  action  of  heat  upon  crystallised  ferrous 
ulphate  (green  vitriol)  is  to  expd  six  molecules  of  water  of  crystal- 
isation,  leaving  the  salt  of  the  composition  FcSOijHgO.  When 
his  substance  is  further  heated  it  is  decomposed  finally  into  ferric 
•xide,  with  the  formation  of  sulphur  trioxide,  water,  and  sulphur 
lioxide,  thus — 

SFeSOijHjO  =  Fe,03  +  SO3  +  SOj  +  2H2O. 

The  decomposition  takes  place  in  two  stages,  the  sulphur  dioxide 
nd  water  being  evolved  in  the  first  part  of  the  process  with  the 
onnation  of  ferric  sulphate,  which  is  afterwards  broken  up  in  the 
nanner  shown  in  the  following  equation — 

(I.)    6FeS04,H,0  =  Fe^S04)8  +  2Fej03  +  3S0j  +  6HjO. 
(2.)    Fe/SO/,  =  FcjOj  +  3S0j. 
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The  sulphur  trioxide  is  condensed  in  recdveis,  oontiining  cite 
a  small  quantity  of  water,  or  a  charge  of  sulphuric  add. 

(3.)  Pyrosulphuric  add  may  also  be  obtained  by  decompodot 
sodium  pyrosulphate  (Na^SsO^),  either  by  heating  it  to  a  Ugh 
temperature  (see  Sulphur  Trioxide,  page  383X  or  by  acting  upon  it 
with  sulphuric  add,  thus — 

Na^Or  +  H^04  -  2HNaS04  +  SO,. 

The  sulphur  trioxide  obtained,  is  dissolved  in  stdphuric  add,  as  in 
the  former  methods ;  and  the  hydrogen  sodium  sulphate,  wha 
gently  heated  to  about  300*,  is  reconverted  into  pyrosulphate  by 
the  loss  of  a  molecule  of  water  (page  383). 

Properties. — Pyrosulphuric  add  is  a  oolouriess,  strongly  fumiqg 
liquid,  having  a  spedfic  gravity  of  1.88.  When  cooled,  it  solidifies 
to  a  crystalline  mass,  which  mdts  at  35*.  The  compound  may  be 
regarded  as  consisting  of  one  molecule  of  sulphuric  add  plm  a 
molecule  of  sulphur  trioxide,  HjSOi^SOs ;  or,  as  being  derived 
from  two  molecules  of  sulphuric  acid,  by  the  withdrawal  of  one 
molecule  of  water,  thus — 

.  yO-H      H-0\  yO-H    H.O\ 

Pyrosulphuric  acid  forms  a  stable  series  of  salts,  of  which  the 
sodium  compound  already  mentioned  is  a  typical  example.  These 
salts  are  sometimes  spoken  of  as  the  disulphates^  and  are  analogous 
to  the  dichromates  {g.v,\ 

Two  other  definite  compounds  of  sulphur  trioxide  and  sulphuric  add  are 
known  to  exist,  both  of  which  arc  fuming  acids.  The  composition  of  these 
substances  is  expressed  by  the  formulae— 

H,S04,3SO„  or  H2S4O1S :  and  3H^04,SOj,  or  H^^Oif. 


THI0SX7LPHURIC  ACID. 

Formula.  HjSsOs. 

This  acid  has  never  been  obtained  in  the  free  state,  as  it  decom- 
poses almost  as  soon  as  liberated  from  its  salts,  into  sulphur  dioxide 
and  water,  with  precipitation  of  sulphur — 

HtS»0^  =  SO^  +  H^O  +  S. 
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The  ihio^ulphatcs,  however,  arc  stable  and  importaiu  sails.  \\\r 
sodium  sail  being  largely  used  in  photography  under  the  name  of 
hyposulphiie  ofsoda^  or  "  hypo." 

Modes  of  FoFmatioii  of  Thiosnlphates.— (i.)  These  salts 
may  be  obtained  by  digesting  flowers  of  sulphur  with  solutions  of 
the  sulphites,  thus — 

Na,SO,  +  S  -  NajSjO,. 

(2.)  Sodium  thiosolphate  is  also  formed,  when  sulphur  dioxide  is 
passed  into  a  s<^ution  of  sodium  sulphide.  The  reaction  may  be 
xegarded  as  taking  place  in  three  steps,  in  which  sodium  sulphite 
and  sulphuretted  hydrogen  are  the  first  products.  The  latter  com- 
pound is  then  acted  upon  by  sulphur  dioxide  with  the  precipitation 
of  sulphur,  thus 


SOs  +  H,0  -I-  Na^  «  Na^SO,  +  H^S. 

SO,  +  sH,s  -  2H,o  +  as. 

And  the  sulphur  reacts  with  the  already  formed  sulphite,  as  indi- 
cated in  the  equation  given  above. 

(3.)  When  sulphur  is  boiled  with  sodium  hydroxide,  or  with  milk 
of  lime,  mixtures  of  sulphides  and  thiosulphates  are  obtained  in 
both  cases— 

6NaH0  +  4S  -  Na,S,0,  +  2Na,S  +  3H,0. 
8Ca(HO),  +  12s  =-  CaSjO,  +  2CaS5  -»-  3H,0. 

The  soditun  sulphide  can  be  converted  into  thiosulphate  by  the 
reactions  given  above.  Calcium  pentasulphide,  on  exposure  to  air, 
absorbs  oxygen  and  forms  a  further  quantity  of  thiosulphate  with 
precipitation  of  sulphur — 

CaSft  +  30  -=  3S  +  CaSjO,. 

The  thiosulphates  are  decomposed  by  most  acids,  with  the  libera- 
tion of  sulphiu:  dioxide,  and  precipitation  of  sulphur.  They  show  a 
great  tendency  to  form  double  salts,  many  of  which  are  soluble  in 
water;  thus  sodium  thiosulphate,  in  contact  with  either  silver 
chloride,  bromide,  or  iodide,  forms  the  soluble  double  sodium-silver 
thiosulphate,  NaAgSsO, — 

.  Na^^O,  -I-  .^gCl  =  NaCl  +  NaAgS^O^ 
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The  employment  of  sodium  thiosulphate  in  photogxiphy,  far 
"  fixing'*  negatives  or  silver  prints,  depends  upon  this  property. 

Thiosulphuric  acid  may  be  regarded  as  being  derived  from  sul- 
phuric add  by  the  replacement  of  one  of  the  (HO)  or  hydroxyl 
groups,  by  an  equivalent  of  (HS)  or  hydrosulphyl — 


■IE 


HO 
HO 


} 


SO, 


HS 
HO 


o^o^ 


HO*SO» ) 
Dlfhlonlo  Add,  H3S1O0  or  {^O'S^  [.—This  compound  is  pfepued,  bf 

passing  a  stream  of  sulphur  dioxide  through  water  in  which  mangaaes 
dioxide  is  suspended,  whereby  manganese  dithionate  is  formed ;  while  at  the 
same  time  a  portion  of  the  salt  is  acted  upon  by  manganese  dioxide,  and 
verted  into  manganous  sulphate,  thus — 

2SOs  +  MnOs  =  MnS,0«. 
MnSgOo  +  MnO,  =  2MnS04. 

On  the  addition  of  barium  hydroxide  to  the  solution,  barium  dithiooatt; 
barium  sulphate,  and  manganous  hydrate  are  formed — 

MnSaOj  +  Ba(H0)2  =  BaSjO,  +  Mn(HO)^ 

Bariiun  dithionate,  being  soluble,   is  separated  by  filtration,   and  upoo 

evaporation  separates  out  in  crystals  of  the  composition  BaS90e,2H^. 

Upon  the  addition  of  dilute  sulphuric  acid  in  amount  demanded  by  the 

equation 

BaSaOj  +  HJSO4  =  BaS04  +  HjSaO,, 

the  acid  itself  is  obtained.  The  solution  may  be  concentrated  in  vacuo  until 
it  reaches  a  specific  gravity  of  1.347.  Further  concentration  results  in  its  dfr* 
composition  into  sulphuric  acid  and  sulphur  dioxide — 

HjSaO«  =  SOj  +  HjSG^. 

Dithionic  acid  forms  well-defined  crystalline  salts,  which  on  heating,  decom- 
pose into  sulphates  with  evolution  of  sulphur  dioxide. 

Dithionic  acid  was  formerly  called  hyfosulphuric  acid,  and  its  salts  are  stiH 

sometimes  referred  to  as  hyposulphates. 

HO 'SO  ) 
Trlthlonlc  Add,  HaSjOj  or  jjoSO*  }  S-^'^^®  potassium  salt  of  this  add 

may  be  obtained,  by  passing  sulphur  dioxide  through  a  strong  solution  of 
potassium  thiosulphate — 

SSO,  +  2KaSjO,  =  S  +  2KjS30e. 

It  is  also  formed  when  a  solution  of  potassium  silver  thiosulphate  is  boikd  ' 

AgS  P°»  _  .     „  .    KOSO,  U 
AgS  Un  ~  ^'^  ■*■  KOSO,  J 


I  1 
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The  sodium  sah  maj  be  obtained,  b]r  the  addition  of  iodine  to  a  mixture  of 
iodimn  sulphite  and  tbiosulpbate— 

JJ;;«}so,+N,^+i,=2Nai  +  JJ;;o|^|s. 

The  add  itself  is  obtained  by  the  addition  of  fluosilicic  acid  to  a  solution  of 
the  potassinm  salt,  when  insoluble  potassium  fluosilicate  is  precipitated. 

Both  the  acid  itself,  and  its  salts,  are  readily  decomposed  into  sulphur  dioxide, 
sulphur,  and  either  sulphuric  add  or  a  sulphate,  thus — 

KaSgOe  =  K9SO4  +  SO,  +  & 

When  acted  upon  by  sodium  amalgam,  sodium  trithionate  is  converted 
badi  again  into  its  generators,  sodium  sulphite  and  thiosulphate,  thus— 

NaOSO, )  ^,  ^  „         M    cr.  ^  NaO  )  «^ 
NaO-SC^  r  4.  Na,  =  Na^SQ,  +  j^^  [  SO,. 

HO 'SO  \ 
Tstnitllloiilo  Add,  H^Pe or  hoSC^ f  ^"'^^  sodium  salt  is  obtained 

by  the  action  of  iodine  upon  sodium  thiosulphate— 

2NaSNaO-SO,  +  I,  =  2NaI  +  Naolo'  }  ^ 

The  barium  salt,  from  which  the  add  itsdf  is  most  readily  obtained,  is  pre- 
pared by  the  gradual  addition  of  iodine  to  barium  thiosulphate  in  water— 

2BaS20,  +  1,  =  Bal,  +  BaS409. 

The  barium  tetrathionate  is  separated  by  the  addition  of  alcohol,  which  dis- 
solves the  iodide  and  excess  of  iodine,  leaving  the  tetrathionate.  By  the 
addition  of  dilute  sulphuric  add  to  an  aqueous  solution  of  this  salt,  in 
amount  demanded  fay  the  equation — 

BaS40c  +  H,S04  =  H,S40e  +  BaS04, 

a  dilute  aqueous  solution  of  the  add  may  be  obtained.  The  dilute  acid  may 
be  boiled  without  decomposition;  but  when  concentrated,  it  readily  passes  into 
sulphuric  add,  sulphur  dioxide,  and  sulphur. 

Sodium  amalgam  decomposes  the  sodium  salt  into  two  molecules  of  thio- 
sulphate, reversing  the  reaction  by  which  it  is  produced. 

HO*SO   i 

PMitatlllOllle  Add,  H,S»Oc  or  hOSO  f  ^'^'^^   ^^^  ^  prepared  by 

passing  sulphuretted  hydrogen  into  a  strong  aqueous  solution  of  sulphur 
dioxide— 

6SO,  +  5H^  rr  HgSsOe  +  5S  +  4H^. 

SH^SQ,  +  6H^  =  Hj^jOe  +  6S  +  9HjO. 

The  solution  contains,  however,  more  or  less  of  the  other  thionic  adds,  but 
as  the  passage  of  sulphuretted  hydrogen  is  continued,  these  are  gradually 
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decomposed,    and   ultimal("ly    the    j)entaibionic   acid    also,    so  that  the  v.r.aJ 
products  of  the  action  of  excess  of  this  gas  will  be  sulphur  and  water— 

H^flOe  +  5H^  =  6H/)  +  lOS. 

The  solution  obtained  by  the  first  action,  may  be  concentrated  by  cantioai 
evaporation  in  vacuo,  until  a  specific  gravity  of  x.46  is  obcalned,  tiiiea  on  pfltU 
saturation  with  potassium  hydroxide  and  lUtration,  a  scdntloo  is  obCafaied  vfaid 
on  spontaneous  evaporation  deposits  oystals  of  potasshun  pentathiooate,  hcnqf 
the  composition  KaSsOe^jHsO.  On  heating,  the  salt  splits  up  into  potaHOU 
sulphate,  sulphur  dioxide,  and  sulphur. 


OXYCHLORWBS  OF  SULPHUR. 

Four  of  these  compounds  are  known,  all  of  which  may  be  r^ 
garded  as  being  derived  from  the  oxyacids  by  the  replacement  of 
hydroxyl  (HO)  by  its  equivalent  of  chlorine. 


2.  Sulphury  1  chloride,  or  Cllcnu 

Sulphuric  chloride      O/^  "  "      l^^lsO^.  ***!*^ 

3.  Sulphuric chlorhydrate, or  Q 1  grk  §  ^^ j^*"*      add. 
ChlorosulphoHic  acid        HO/^  "               "      ^ 

4.  Disulphuryl  chloride,  or  Q  'SO,  \  q  HO  -SO,  \  ^  pyrasalpbB- 
Pyrosulphuric  chloride    ClSOj  "                "  HO-SO,/"'    ricsrid 

Thlonyl  Chloride,  S0C1«,  molecular  weight  =  118.76,  is  obtained  by  tbe 
action  of  phosphorus  pentachloride  upon  sodium  sulphite — 

SO(NaO)j  +  2Pa5  =  SOa,  +  2POas  +  2NaCL 

It  is  also  obtained  when  dry  sulphur  dioxide  is  passed  over  phosphorus 
pentachloride — 

SO,  +  PQb  =  SOCl,  +  POCl^ 

Properties. — Thionyl  chloride  is  a  colourless  and  highly  refractive  fiqind, 
which  fumes  in  moist  air,  and  has  a  pungent  unpleasant  smell.  It  boils  at  78*. 
and  is  at  once  decomposed  by  water,  into  its  corresponding  oxyacid  with  for- 
mation of  hydrochloric  acid — 

SOClj  +  2H/>  =  H,SOs  +  HCl. 

Sulphuryl  Chloride,  SO2CI2 ;  molecular  weight  =  134.72.  This  conpooMl 
(sometimes  known  as  chlorosulphuric  <uid)  can  be  obtained  by  the  direct 
union  of  chlorine  and  sulphur  dioxide,  under  the  prolonged  influence  of  bright 
sunlight — 

SO,  +  CI2  =  SOjCl,. 

It  \s  also  formed  by  the  action   of  heat    upon  sulphuric  dilorhydnite. 
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This  substance,  on  being  simply  heated  to  x8o*  in  sealed  tubes  for  a  few  hours, 
breaks  up  into  sulphmyl  dilcxide  and  sulphuric  add^ 

Vtop«rilM.~Sulphai7l  chloride  is  a  colourless  liquid,  which  fumes  in  moist 
■ir,  and  has  a  specific  gravity  of  x.66.  It  boils  at  70**,  and  is  decomposed  by 
water  with  formation  of  sulphuric  acid  and  hydrochloric  add — 

§  |S0,  +  2H^  =  2HC1  +  ^  ^SO,. 

Snlldnixle  COiloirliydrato,  SO|Q(HO).  This  compound  is  the  first  pro- 
duct of  the  replacement  of  the  (HO)  groups  in  sulphuric  acid  by  chlorine, 
and  is  formed  by  the  direct  combination  of  sulphur  trioxide  and  hydrochloric 
■dd— 

SO^  +  HQ  s  HCISO,  or  SOjCl(HO). 

It  may  be  obtained  by  distilling  sulphuric  add  with  phosphorus  oxychloride 

2  gg  }S0,  +  PCX:i,  =  2  ^^  |S0,  +  HCl  +  HPOj. 

Or  by  palling  dry  gaseous  hydrochloric  add  into  melted  pyrosulphuric  acid— 

H  AO7  +  2Ha  =  H,0  +  2HC1S0,. 

PlUlMCUflS. — Sulphuric  chlorhydrate  is  a  colourless  fmning  liquid,  having  a 
specific  gravity  of  z.76,  and  boiling  at  I49'*-Z5i'*,  with  partial  dissociation  into 
its  generators,  sulphur  trioxide  and  hydrochloric  acid.  In  contact  with  water 
it  is  decomposed  with  consideiable  violence,  with  formation  of  sulphuric  and 
hydro^Ioric  adds — 

a^  }so,  +  HjO  =  Hci  +  IJ3  }sOj^ 

JMsolpllllxyl  Oblorlde  (pyrosulphuHc  chloride),  ^^  I O  or  S3O9CI;,.    This 

substance  is  obtained  by  the  action  of  sulphur  trioxide,  or  sulphuric  chlor« 
hydrate,  tipon  phosphorus  pentachloride — 

2SO,  +  PClfi  =  POCI3  +  SaOsCL,. 
2SO,Cl(HO)  +  PClfl  =  POCI3  +  2HC1  +  S^OaCla. 

It  is  also  produced  by  the  action  of  sulphur  trioxide  upon  sulphur 
dichloride— 

5SO3  +  SjClj  =  SjOftCla  +  550,. 

Or  by  the  action  of  sulphur  trioxide  upon  sulphuric  chloride — 

g}so,  +  so,=gj|g;}o. 
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Propertlefl. — Pyrosulphuric  chloride  is  a  heavy,  oilj,  faming  Uqmd, 

bling  pyrosulphuric  add  in  appearance.    It  has  a  specific  gravity  of  1.8191 1 

boils  at  I46^    When  mixed  with  water  it  slowly  decomposes  into  salphariBJ 
and  hydrochloric  adds,  showing  a  marked  difference  in  this  respect 
sulphuric  chlorhydrate — 

SjOjClj  +  3H,0  =  2H,S04  +  2HCL 


GABBON  DISULPHIDE. 

Formula,  CSg.    Molecular  weight  =  76.    Vapour  density  =  38. 

History. — This  compound  was  accidentally  produced  by  Lam- 
padius  (1796)  when  heating  a  mixture  of  charcoal  and  pyrites. 

Mode  of  Formation. — Carbon  disulphide  is  prepared  by  pasaaf 
the  vapour  of  sulphur  over  red-hot  charcoal,  when  the  two  demcnli 
unite  and  form  the  volatile  product,  which  is  condensed  in 
surrounded  with  cold  water — 


The  product  is  always  contaminated  with  free  sulphtu',  wbidi 
volatilises,  and  is  also  accompanied  by  considerable  quantities  of 
sulphuretted  hydrogen,  formed  by  the  action  of  sulphur  upon  tbe 
hydrogen  contained  in  the  charcoal. 

When  carbon  disulphide  is  prepared  on  a  manufacturing  scak^ 
the  charcoal  is  heated  in  a  vertical  cast-iron  or  earthenware  retoi^ 
C,  Fig.  113,  having  an  elliptical  section,  and  provided  with  three 
openings.  The  retort  is  built  into  a  suitable  furnace,  whereby  it 
can  be  uniformly  heated  to  redness.  A  quantity  of  sulphiur,  coo- 
tained  in  the  pot  S,  kept  liquid  by  the  heat  of  the  furnace^  is 
allowed  to  enter  at  intervals  through  the  pipe  B.  As  the  vapoor 
comes  in  contact  with  the  red-hot  charcoal,  combination  ensues, 
and  the  carbon  disulphide  escapes  through  the  pipe  D,  whidi  is 
inclined  to  the  retort  so  as  to  allow  condensed  sulphur  to  run  back. 
Sulphur  which  escapes  condensation  in  this  pipe,  collects,  for  the 
most  part,  in  the  vessel  E,  which  is  closed  by  water  seals  as  seen 
in  the  figure.  The  volatile  compounds  are  then  passed  through  a 
Liebig's  condenser  about  30  ft.  long,  and  the  crude  disulphide  so 
condensed  is  collected  in  a  receiver.  Any  vapour  of  carbon  disulphide 
which  is  carried  on  by  the  sulphuretted  hydrogen,  is  absorbed  by 
passing  the  gas  through  a  scrubber  containing  oil ;  and  finally  the 
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tted  hydrogen  is  absorbed  in  a  lime  purifier,  similar  to 
nployed  for  the  purification  of  coal  gas.  The  ashes  are 
wtk  from  the  retort  through  the  wide  tube  B  ;  and  the 
arcoal  is  introduced  through  the  opening  A.  In  order  to 
the  escape  of  the  unpleasant  and  injurious  vapours  from 
g  the  addition  of  fresh  charcoal,  the  opening  A'  is  put  into 
lication  with  the  chimney  of  the  frimace.  The  sulphur 
lows  back  into  the  retort  from  D,  is  conveyed  by  means 
npe  fy  nearly  to  the  bottom  of  the  mass  of  heated  char- 
that  its  vapour  shall  once 
5  made  to  pass  over  the 

nude  product  is  ptuified 
illation,   and   subsequent 
1  with  mercury. 
Nfties.  —  Carbon     disul- 

a  colourless,  mobile,  and 
refracting  liquid.  When 
f  pure  it  possesses  a  sweet- 

not  unpleasant,  ethereal 
at  as  usually  met  with  the 

decidedly  foetid, 
edfic  gravity  at  o*  is  1.292, 
xnls  at  46*.    The  vapour 
NH  disulphide  has  a  very 

ting-point  (see  page  291).  It  burns  with  a  blue  flame, 
rhen  fed  with  oxygen,  emits  a  dazzling  blue  light.  When 
disulphide  vapour  is  mixed  with  three  times  its  volume 
:cn,   and    a    light    applied,  the    mixture    explodes   with 

;  the  products  of  the  combustion  being  carbon  dioxide 
ihur  dioxide — 

CS,  +  30,  =  CO2  +  2S0,. 

'apour  of  carbon  disulphide,  when  constantly  inhaled  in 
lantities,  has  an  injurious  effect  upon  the  health,  and  if 
1  in  laige  quantities  is  a  powerfiil  poison. 
heated  to  a  bright  red  heat,  carbon  disulphide  vapour  is 
)sed  into  its  constituent  elements  :  on  this  account,  in  the 
ture  of  this  compound,  care  is  taken  that  the  temperature 
;  rise  too  high, 
apour  of  carbon  disulphide  is  decomposed  b^j  '^oVa.'Sk^vxccs 


Fig.  113. 
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which,  when  heated,  bums  in  the  vapour,  Icwmiug  potiniim  |- 
sulphide,  and  liberating  carbon — 

CS,  +  2K,  =  C  +  2K^. 

When  passed  over  heated  slaked  limey  carbon  disolphide  vapoar 
is  converted  into  carbon  dioxide  and  sulphuretted  hydrogen^ 

CS2  +  2CaHjO,  =  2CaO  +  CO,  +  2H,S. 

This  reaction  is  made  use  of  for  converting  the  carbon  disd- 
phide,  which  is  always  present  in  coal  gas,  into  the  two  easily 
removed  substances,  carbon  dioxide  and  sulphuretted  hydrogen. 

When  a  mixture  of  carbon  distdphide  vapour  and  sulphuretted 
hydrogen,  is  passed  over  heated  copper,  maish  gas  is  formed^ 

4Cu  +  CS,  +  2H,S  =  CH4  +  4CuS. 

Carbon  disulphide  is  soluble  to  a  minute  extent  in  water;  i 
volume  of  water  dissolves  .001  volume  of  this  liquid,  and  the 
solution  possesses  the  taste  and  the  smell  of  the  disulphide.  It 
mixes  in  all  proportions  with  alcohol,  ether,  the  hydrocarbons  of 
the  benzene  family,  and  most  essential  oils.  It  also  dissolves  | 
sulphur,  phosphorus,  iodine,  bromine,  caoutchouc,  and  most  fats ; 
and  is  largely  used  in  the  arts,  both  as  a  solvent  for  caoutchouc, 
and  in  extracting  essential  oils,  spices,  and  perfumes. 

Thiocarbonlc  Acid. — Carbon  disulphide  is  the  sulphur  ana- 
logue of  carbon  dioxide,  CS^ ;  CO,.  Like  the  oxygen  compound, 
it  forms  a  feeble  acid,  which  has  received  the  name  thiocarbonic 
acid,  HjCSg  ;  carbonic  acid,  H2CO3. 

The  thiocarbonates  are  produced  by  reactions  analogous  to 
those  by  which  carbonates  are  formed.  Thus,  when  carbon  disul- 
phide is  brought  into  contact  with  potassium  sulphide,  potassium 
thiocarbonate  is  obtained — 

CS^  "H  ivgS  ^  1C2C/03, 

which  may  be  compared  with  the  action  of  carbon  dioxide  upon 
potassium  oxide — 

CO2  +  KjO  =  KjCOj. 

Thiocarbonates  are  likewise  formed  by  the  action  of  carbon 
disulphide  upon  metallic  hydroxides — 

3CS,  +  6KH0  =  2K^CSa  +  K,CO,  +  3H,0. 
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The  add  itself  is  obtained  as  a  yellow  oil,  having  an  unpleasant 
odour,  by  the  decomposition  of  a  thiocarbonate  by  dilute  hydro- 
chloric acid. 

A  large  number  of  compounds  are  known,  in  which  divalent 
sulphur  replaces  oxygen,  and  which  therefore  stand  in  the  same 
relation  to  the  oxygen  compounds,  as  thiocarbonic  acid  stands  to 
carbonic  acid ;  for  example — 

Thiocarbamic  acid,  CSjjNHj,  or  ^^a  \  CS  ; 

.  Carbamic  add,  CO^NHj,  or  ?!??'  |  CO. 

outer  Ckmiponnds  of  OaziMn  and  Bulplinr.— When  carbon  disulphide  is 
exposed  to  the  inflnenoe  of  light,  there  is  gradually  formed  upon  the  glass 
vessel  containing  it,  a  brown  deposit,  which  is  believed  to  be  carbon  niono- 
sulphide,  CS;  the  sulphur  analogue  of  carbon  monoxide.  When  electric 
sparks  firom  carbon  poles  are  passed  through  the  vapour  of  carbon  disulphide, 
or  when  the  electric  arc  is  produced  in  the  vapour,  an  offensive-smelling  liquid 
is  obtained,  which  exerts  a  most  irritating  and  tear-producing  effect  upon  the 
qres.    This  liquid  has  been  shown  to  have  the  composition  C^^.* 

8SLEN1UI1 
Sjrmbol,  Se.    Atomic  vreight  =  78.87.    Molecular  weight  =  157.74. 

Htstoiy.— This  element  was  discovered  by  Berzelius  (1817),  who  gave  it 
the  name  selenium  (signifying  the  moon)  on  account  of  its  close  analogy  with 
the  previously  disoovered  element  tellurium  (signifying  the  earth). 

Oeeiizrenoe.^Selenium  is  occasionally  met  with  associated  with  native 
snlphar,  probably  as  a  selenide  of  sulphur.  In  a  few  minerals  of  considerable 
rarity,  selenium  is  met  with  in  the  form  of  selenides  of  such  metals  as  mercury, 
lead,  silver.  It  occurs  in  very  small  quandties  in  a  large  number  of  metallic 
sulphides. 

KddM  of  Fownatlon.^i.)  When  pyrites  containing  selenium  is  employed 
in  the  mannfiictiire  of  sulphuric  acid,  the  selenitmi  is  oxidised  by  the  atmos- 
pheric oxygen  into  selenium  dioxide,  which  is  carried  forward  with  the  sulphur 
dioxide.  Selenitmi  dioxide,  being  a  solid  substance,  is  partly  deposited  in  the 
flues,  and  in  the  Glover  tower,  and  partly  carried  forward  into  the  chambers, 
where  it  forms  a  red-coloured  deposit  To  obtain  the  selenium,  either  the  flue 
dust  or  the  chamber  deposit,  is  first  boiled  with  dilute  sulphuric  acid,  and  either 
nitric  add  or  potassium  chlorate  added,  in  order  to  oxidise  it  completely  into 
selenic  add,  H^tO^  The  solution  is  then  boiled  with  strong  hydrochloric 
acid,  whereby  it  is  reduced  to  selenious  acid,  HsSe03.  when  a  stream  of  sulphur 
dioxide  is  passed  through  it  which  predpitates  the  selenium  as  a  red  powder— 

HjSeO,  +  2SOj  +  HjO  =  Se  +  2HaS04. 
*  Von  Lengyel,  1894. 
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(2.)  A  second  method  for  the  preparation  of  selenium  from  the  chamlxr 
deposit,  consists  in  digesting  the  substance  with  potassium  cyanide,  whereby 
it  is  converted  into  soluble  potassium  selenoc]ranide,  SeK(CN).  On  the 
addition  of  hydrochloric  add  to  this  solution,  the  element  is  precipitated  u  a 
red  amorphous  powder,  and  hydrocyanic  add  and  potassium  chkuide  go  into 
solution — 

SeK(CN)  +  HQ  =  Se  +  KQ  +  H(CN). 

Properties. — Selenium  is  known  in  various  allotropic  modifications. 

1.  Soluble  in  carbon  disulphide. — a.  Brick-red  amorphous  powder,  obtained 
by  precipitation  with  adds,  or  reduction  of  selenious  add,  in  the  cold,  by 
sulphur  dioxide. 

/9.  Black  crystalline  powder,  obtained  by  reduction  of  hot  selenious  add  hj 
sulphur  dioxide. 

7.  Dark  red  translucent  monodinic  crystals,  spedfic  gravity  4.5,  dqiosited 
from  solution  in  carbon  disulphide. 

d.  Black,  shining,  brittle  amorphous  mass,  having  a  conchoidal  fracture, 
and  a  specific  gravity  of  4.3,  obtained  by  rapidly  cooling  melted  yi<>n{iitn. 

2.  Insoluble  in  carbon  disulphide. — Black,  metallic-looking  crystaUine  mass, 
having  a  granular  fracture.  Obtained  by  quickly  cooling  melted  selenium  to 
210"  and  keeping  it  for  some  time  at  that  temperature,  when  the  mass  solidifies 
with  rise  of  temperature  to  217*.  This  insoluble  variety,  sometimes  calkd 
metallic  selenium,  is  also  formed  as  a  deposit  of  minute  black  crystals,  when 
concentrated  solutions  of  sodium  or  potassium  selenide  are  exposed  to  the  air, 

This  modification  has  a  spedfic  gravity  of  4.5,  and  melts  at  217**. 

Selenium  boils  at  680°.  forming  a  dork  red  vapour  which  condenses  in  thr 
form  ol  flowers  of  selenium,  having  a  scarlet-red  colour. 

At  high  temperatures  the  vapour  of  selenium,  like  that  of  sulphur,  becomes 
a  true  gas ;  thus  at  1420**,  the  vapour  density  is  found  to  be  81.5.  approaching 
very  closely  to  the  normal  density  demanded  by  the  molecule  Se^. 

"Metallic"  selenium  conducts  electricity,  and  the  element  exhibits  the 
remarkable  property  of  having  its  conductivity  increased  by  light ;  the  con- 
ductivity of  selenium  when  exposed  to  diffused  daylight  being  about  twice  as 
great  as  when  in  the  dark.  This  alteration  in  the  electrical  resistance  with 
varying  intensities  of  light,  is  a  property  of  selenium  that  wras  made  use  of,  in 
the  construction  of  an  instrument  known  as  the  photophone,  but  it  has  not  as 
yet  been  put  to  any  practical  use.  When  selenium  is  heated  in  the  air,  it 
burns  with  a  blue  flame,  with  the  formation  of  selenium  dioxide,  and  at  the  same 
time  emits  a  powerful  and  characteristic  smell  resembling  rotten  horse-radish. 

When  selenium  is  heated  in  a  tube,  filled  with  an  indifferent  gas,  it  sublimes 
in  the  form  of  a  red  deposit ;  but  when  heated  in  hydrogen,  the  sublimate  is  in 
the  form  of  black  shining  crystals.  The  formation  of  these  crystals  is  due  to 
the  fact,  that  selenium  combines  with  the  hydrogen,  and  the  hydrogen  selenide 
is  again  decomposed  by  the  heat. 

Hydrogen  Selenide  {selenuretUd  hydrogen),  HjSe;  molecular  wdght  =  81. 
Hydrogen  selenide  is  formed  when  selenium  is  heated  in  hydrogen. 

This  compound  is  also  obtained,  by  the  action  of  dilute  hydrochloric  or  sul- 
phuric acid,  upon  either  potassium  selenide  or  ferrous  selenide — 

FeSe  \  U.^04=FeS0^-V  H,^. 
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. — Hydrogen  sdenide  is  a  colourless  gas,  strongly  resembling 
sulphuretted  hydrogen,  both  in  hs  smdl,  and  in  its  chemical  behaviour.  It  is 
readfly  soluble  in  water,  and  when  passed  through  metallic  solutions,  precipi- 
tates insoluble  ylenides  of  most  of  the  heavy  inct-Us.  Hydrogen  selenide 
bums  with  a  blue  flame,  with  the  production  of  water  and  selenium  dioxide. 
Its  smell,  although  resembling  that  of  its  sulphur  analogue,  is  more  unpleasant, 
and  its  effects  upon  the  system  are  more  persistent  and  injurious.  A  single  small 
bubble  inhaled  through  the  nostril,  produces  temporary  paralysis  of  the  olfac- 
tocy  nerves,  accompanied  by  inflammation  of  the  mucous  membrane. 
No  oonpound  of  tdcnium  corresponding  to  hydrogen  disulphide  is  known. 


Compounds  with  Halogens. 

DiiietoDlDin  DltiblOiridft,  Se^G^,  is  obtained  by  passing  chlorine  over 
selenium,  or  fay  passing  gaseous  hydrochloric  acid  through  a  solution  of 
selenium  in  nitric  add. 

FivpeiUM. — Sdenium  chloride  is  a  brown  oily  liquid,  in  which  selenium 
itself  is  readily  soluble,  and  from  which  the  element  is  deposited  in  the  form 
which  is  insoluble  in  carbon  disulphide.  It  is  slowly  decomposed  by  water, 
thus— 

2Se^Cl9  +  3H,0  =  H,SeO,  +  3Se  +  4HCI. 

Conespoodinf  bromine  and  iodine  compounds  are  known,  SegBrs,  and 


geladniil  TitnuflUorlde,  SeCl4,  is  prepared  either  by  the  action  of  chlorine 
upon  selenium  chloride — 

Se,Cla  +  3CI3  =  2Sea4, 

or  by  heating  a  mixture  of  selenium  dioxide  and  phosphorus  pentachloride — 

«SeO,  +  SPCl,  =  3SeCl4  +  PjOj  +  POCl,. 

>l0PtgtU«. ~Seleninm  tetrachloride  is  a  white,  crystalline,  volatile  com- 
poond;  which  may  be  sublimed  without  decomposition  and  without  fusion. 
When  the  vapour  is  heated  above  aoo",  it  begins  to  dissociate  into  selenium 
and  dilorine.  It  dissolves  in  water,  with  decomposition  into  hydrochloric  and 
sdenious  adds — 

SeCU  +  3H,0  =  4Ha  +  HjSeO,. 

Corresponding  bromine  and  iodine  compoimds  are  known,  SeBr4  and  Sel4. 


Oxides  and  Oxyacids  of  Sklenium. 

Only  one  oiide  of  selenium  is  known,  namely,  selenium  dioxide,  SeO.., 
although  a  second  oxide  of  unknown  composition  is  believed  to  exist,  and  to 
constitute  the  peculiar  smelling  substance  which  is  always  formed  when 
selenium  is  burnt  in  the  air. 

f  elenliilll  Dioxide  is  prepared  by  burning  selenium  in  a  stream  of  oxygen 
in  a  glass  tube ;  the  element  bums  in  the  gas  with  a  blue  flame,  and  the  oxide 
condenses  upon  the  distant  portions  of  the  tube,  as  a  white  crystalUcve  de^o&lc 
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Properties. — Selenium  dioxide  crystallises  in  long  white  prisms,  ufaidivhen 
heated,  readily  sublime  without  passing  through  the  state  of  liquidity.  It  disF 
solves  in  water  and  gives  rise  to  selenious  acid. 

The  following  oxyadds  of  selenium  are  known — 

Selenious  add,  HgSeO),  corresponding  to  sulphurous  add,  H^SO^ 
Selenic  add,  H2Se04,  corresponding  to  sulphuric  add,  HsSO^. 
Selenosulphiuic  HO  )  or^  .  corresponding)  thiosulphuric  HO  )  cri 
add,  HSe)^*'  to  I         add.         HS  )  ^* 

SelenlouB  Add,  HjSeOs,  is  obtained  as  a  white  cryitalline  compoand,  wba 
the  dioxide  is  dissolved  in  hot  water,  and  the  solution  allowed  to  cooL  The 
acid  is  dibasic,  and  forms  both  add  and  normal  selenites,  oocresponding  to 
the  sulphites :  it  also  forms  a  series  of  so-called  superacid  salts,  containing  a 
molecule  of  the  add  salt,  combined  with  a  molecule  of  add,  thus — 

HKSeOi,H:SeO^ 

Belenic  Add,  HjSeOf.— This  add  is  best  prepared,  by  the  addition  of 
bromine  to  silver  selenite  suspended  in  water,  when  insoluble  sflver  bronnde  s 
formed  and  selenic  acid  is  left  in  solution — 

Ag2Se08  +  HjO  +  Bra  =  2AgBr  +  H2Se04. 

The  solution  may  be  evaporated  by  heating,  until  it  contains  94  per  cent  of 
selenic  add,  and  still  further  evaporated  in  vacuo,  until  it  reaches  97.4  percent. 
when  its  sped  tic  gravity  is  2.627.  When  heated  to  280°  it  decomposes  into 
selenium  dioxide,  water,  and  selenium. 

Properties. — Selenic  acid  in  its  most  concentrated  condition,  is  a  colourless, 
strongly  acid  liquid,  which  mixes  with  water  with  the  development  of  con- 
siderable heat.  It  dissolves  iron  and  zinc  with  evolution  of  hydrogen ;  and  when 
heated,  dissolves  copper  with  formation  of  selenious  add. 

The  selenates  closely  resemble  the  sulphates.  Barium  selenate,  like  the 
sulphate,  is  quite  insoluble  in  water,  but  differs  from  that  compound  in  being 
converted  by  boiling  hydrochloric  acid  into  barium  selenite,  which  is  soluble. 

Selenium  also  forms  a  compound  with  oxygen  and  chlorine,  selenium  oxy- 
chloride,  or  selenvl  chloride,  SeOCla.  corresponding  with  thionyl  chloride, 
SOCU 

TELLURIUM. 

Symbol,  Te.     Atomic  wdght,*  125  (?). 

Occnrrence. — In  the  free  state,  small  quantities  of  this  dement  have  b^en 
found  as  crystals,  consisting  of  almost  pure  tellurium.     In  combination  it  is 

*  Various  numbers  have  been  obtained,  by  different  observers,  for  the 
atomic  weight  of  tellurium.  Some  of  these  numbers  are  higher  than  the  atomic 
weight  of  iodine,  which  would  make  it  impossible  to  give  to  tellurium  a  posi- 
tion between  antimony  (atomic  weight  =  120)  and  iodine  (atomic  weight  = 
126.54)  as  demanded  by  the  periodic  law.  Brauner,  who  has  spent  many 
years  investigating  this  point,  considers  that  hitherto  pure  tellurium  has  nevet 
been  obtained. 
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met  with  in  a  few  nre  minerals,  such  as  ieilurite{TtOfj,  and,  more  commonly, 
tetradyuUtt  (BisTei).  Some  specimens  of  pjrrites  contain  small  quantities  of 
this  element,  hence  it  is  found  in  the  deposit  from  the  vitriol  chambers,  from 
which  selenhim  is  obtained. 

Mode  of  Formation. — ^Tellurium  is  obtained  from  bismuth  telluride,  BisTe^, 
by  fusion  with  an  intimate  mixture  of  sodium  carbonate  and  carbon.  The 
mass  on  treatment  with  water,  yields  a  solution  containing  a  mixture  of  sodiimi 
telluride  and  sodium  sulphide,  which  on  exposure  to  the  air  deposits  tellurium 
as  a  grey  powder.     The  element  is  purified  by  distillation  in  a  stream  of 


.— Telluriam  is  a  bluish-white,  silver-like  solid,  possessing  metallic 
faatre.  It  conducts  heat  and  electricity,  although  badly,  and  is  very  brittle. 
Its  specific  gravity  is  6.96,  and  it  melts  at  45^^  When  melted  tellurium  is 
slowly  cooled,  it  forms  rhombohedral  crystals.  When  heated  in  the  air,  it  bums 
with  a  bloe  flame,  and  forms  tdlurium  dioxide,  TeO^.  When  heated  in  a 
sealed  tube  with  hydrogen,  tellurium  sublimes  in  the  form  of  brilliant  prismatic 
crystals. 

-  Hjrdrogen  TUllnide  {TeliuretUd  Hydrogen),  H,Te.— When  tellurium 
is  heated  in  hydrogen,  tl^  elements  combine,  forming  hydrogen  telluride, 
which  exhibits  the  same  phenomenon  as  is  shown  by  seleniuretted  hydrogen, 
of  being  decomposed  by  heat,  and  depositing  the  element  as  a  crystalline 
sublimate. 

Hydrogen  telluride  is  obtained  by  the  action  of  hydrochloric  acid  upon  zinc 
telloride— 

ZnTe  +  2HC1  =  ZnCl,  -I-  HjTe. 

FlupciilML — Hydrogen  telluride  is  a  most  offensive  smelling,  and  highly 
poisonous  gas.  It  behaves  like  sulphuretted  hydrogen  in  precipitating  metals 
from  sdhitioos.  It  is  soluble  in  water,  and  the  solution  gradually  absorbs 
oxygen  and  deposits  tellurium. 

Compounds  with  the  Halogens. 

Two  cfalcffides  of  tellurium  are  known,  namely,  tellurium  dichloride,  TeCl;, 
and  tellurium  tetrachloride,  TeCl4.  It  will  be  noticed  that  the  composition  of 
the  dichloride  is  not  analogous  with  the  lower  chloride  of  either  selenium 
fSejCy  or  sulphur  (S,Cls). 

Two  bromides,  TcBr^  and  TeBr4,  and  corresponding  iodides  are  known. 

Oxides  and  Oxy acids  of  Tellurium. 

Tvro  oxides  of  tellurium  are  known  with  certainty,  namely,  tellurium  dioxide, 
I'eOf,  and  teUurinm  trioxide,  TeO|,  which  give  rise  respectively  to  the  two 
acids,  tellurous  add,  HfTeOi,  and  telluric  acid,  H2Te04. 

TeUnroni  Add  is  obtained,  by  pouring  a  solution  of  tellurium  in  nitric  acid 
into  an  excess  of  water.  The  acid  is  precipitated  as  a  white  amorphous 
powder.     When  strongly  heated,  it  is  converted  into  the  dioxide  and  water. 

Tellurous  add,  like  sulphurous  add,  is  dibasic,  and  gives  rise  to  both  add 
and  normal  salts :  thus,  with  potassium  it  forms  hydrogen  pouvAwm  \K.VL>ax\v&^ 
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HKTeQi.  and  dipocasomn  tdlurite,  KjTeO,. 
sudi 


Quadradd  potasaum  tellurite 
Potassium  tetratdlurite 


It  also  forms  saper-add  sahs. 

.    HKTeObi  HsTeOj. 
.    KjTeQs.  STeO^ 


TUlorlc  Add  is  prepared  bjr  fusing  either  telluriiini,  or  tellnriuni  dioiide, 
with  a  mixture  of  potassium  nitrate  and  carbonate* 

Te, -f  K/:Q,  +  2KN0,  =r  2K,Te04  +  N,  +  Ca 

'I*he  fused  mass,  after  solution  in  water,  is  miiced  with  a  solution  of  bniim 
chloride,  which  precipitates  barium  tellurate ;  this  is  then  decomposed  by  tbe 
addition  of  the  exact  amount  of  sulphuric  add,  and  after  filtration,  the  dear 
solution  deposits  crystals  of  telluric  add,  HsTe04,2H,0.  When  these  oryttab 
arc  heated  to  160**,  the  water  is  expdled.  and  the  anhydrous  add  in  the  form  of 
a  white  powder  is  left  On  strongly  heating,  teUuric  add  decomposes  into 
water  and  tellurium  trioxide,  which  at  a  higher  temperature  splits  up  into  the . 
dioxide  and  oxygen. 

Like  tellurous  add,  tdluric  acid  forms  not  only  normal  and  add  salts,  bat  1 
number  of  more  complex  superadd  salts — 


Normal  potassium  tellurate 
Hydrogen  potassium  tellurate 
Quadracid  potassium  tellurate 
Potassium  tetratellurate 


IC,Te04,6H,0. 

HKTCO4. 

K,Te04,  H,Tc04,3H^ 

K,Te04.3H3Te04,  H^ 


CHAPTER  III 
THE  ELEMENTS  OP  GROUP  V.  {FAMILY  B.) 


Nitrogen.  N     . 

14.0Z 

Antimony,  Sb     . 

.     119.6 

Phosphorus,  P. 

.    3a96 

Bismuth,  Bi 

.    207.5 

Arsenic.  As. 

.    74.9 

In  this  family  of  elements  we  have  a  gradual  transition  from  the 
non-metals  to  the  metals.  Nitrogen  and  phosphorus  may  be  con- 
sidered as  typical  non-metallic  elements,  both  as  regards  their 
physical  and  chemical  properties.  The  third  member,  arsenic, 
begins  to  exhibit  metalline  properties ;  its  specific  gravity  is  more 
than  three  times  as  high  as  that  of  phosphorus,  and  it  possesses 
considerable  metallic  lustre  :  arsenic  is  called  a  nuialloid  on  this 
account  Antimony  is  still  more  metallic  in  its  character,  possess- 
ing most  of  the  physical  attributes  of  a  true  metal,  while  in  bismuth 
all  non-metallic  properties  cease  altogether  to  exist 

All  these  elements  form  more  than  one  compound  with  oxygen, 
of  which  the  following  may  be  compared — 

NaO, ;  (PjO,), ;  (AsjOj), ;  Sb,0, ;  BijO,. 
NjO^ ;  P,04 ;  —  SbjO^ ;  BijO^. 
NA;    P3O6;      AsjOj;    SbjOft;  BijOft. 

The  oxides  (which  in  the  case  of  nitrogen  and  phosphorus  are 
strongly  acidic  in  their  nature,  combining  with  water  to  form  acids) 
gradually  become  less  and  less  acidic  and  more  basic  as  the  series 
is  traversed. 

Thus,  nitrogen  pentoxide,  NjOj,  unites  violently  with  water  to 
form  nitric  acid,  which  with  bases  yields  nitrates.  Antimony  pent- 
oxide  is  insoluble  in  water,  and  no  antimonic  acid  has  been  isolated, 
although  its  salts,  the  antimonates,  are  known.  The  oxides  of 
antimony,  on  the  other  hand,  begin  to  exhibit  basic  properties^  and 
unite  with  acids,  forming  salts  in  which  the  antimony  functions  as 

the  base. 
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In  the  case  of  the  last  element,  the  acidic  nature  of  the  ondes  ii 
entirely  lost ;  no  bismuth  compounds  being  knowny  conespoiH&ig 
to  antimonates  or  arsenates,  while  these  oxides  unite  with  adds  ii 
the  capacity  of  bases,  giving  rise  to  bismuth  salts. 

Four  of  the  elements  of  this  group  unite  with  hydrogen,  fonmof 
similarly  constituted  compounds,  NH^  PH3,  AsHg^  SbH,. 

The  stability  of  these  compounds  gradually  decreases  as  we  pas 
from  nitrogen  to  antimony.  Antimony  hydride  has  never  been  ob- 
tained free  from  other  gases,  while  no  similar  bismuth  compound  ii 
known.  Ammonia  is  alkaline  and  strongly  basic,  and  unites  xcadilj 
with  acids  to  form  ammonium  salts.  Phosphorus  hydride  has  do 
alkaline  character,  and  is  only  feebly  basic  It  combines,  however, 
with  the  halogen  acids  to  form  phosphonium  chloride,  bromide^ 
and  iodide,  PH4CI,  PHiBr,  PH4I,  analogous  to  ammoniom 
chloride,  bromide,  and  iodide.  The  hydrides  of  arsenic  and 
antimony  exhibit  no  basic  character.  All  the  elements  of  this 
group  unite  with  chlorine,  giving  rise  to  the  compounds 

NCI3,  PCI3,  ASCI3,  SbCla,  BiCla, 

which  also  exhibit  a  gradation  in  their  properties  :  thus,  nitrogen 
trichloride  is  an  extremely  unstable  liquid,  exploding  with  extra- 
ordinary violence  upon  very  slight  causes,  while  the  analogous 
bismuth  compound  is  a  perfectly  stable  solid. 

The  boiling-points  of  these  compounds  show  a  gradual  increase 
with  the  increasing  atomic  weight  of  the  element :  thus,  nitrogen 
chloride  boils  at  71°,  phosphorus  trichloride  at  ^Z^^  arsenic  tri- 
chloride at  130.2°,  and  antimony  trichloride  at  200*.  « 

The  elements  arsenic,  antimony,  and  bismuth  are  isomorphous, 
and  their  corresponding  compounds  are  also  isomorphous. 

The  first  member  of  this  family,  namely,  nitrogen,  has  been 
already  treated  in  Part  II.,  as  one  of  the  four  typical  elements 
studied  in  that  section  of  the  book.  It  occupies  a  position  in 
relation  to  the  other  members  of  the  family,  very  similar  to  that  of 
oxygen  towards  sulphur,  selenium,  and  tellurium. 

PHOSPHORUS. 

Synilx)!,  P.     Atomic  weight  =  30.96.     Vapour  density  ^  61.9a. 

Molecular  weight  =  123.94. 

History. — Phosphorus  was  first  discovered  by  the  alchemist 
Brand,  of  Hamburg  (1669),  who  obtained  it  by  distilling  a  mixture 
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ith  urine  which  had  been  evaporated  to  a  thick  syrup, 
ss,  however,  was  kept  secret  Robert  Boyle  (1680)  dis- 
le  process  of  obtaining  this  element,  but  the  method  was 
>hed  till  after  his  death.  Until  the  year  1771,  when 
ublished  a  method  by  which  phosphorus  could  be  ob- 
m  bone  ash,  this  element  was  looked  upon  as  a  rare 
niriosity.  The  nBsn^  phosphorus  was  not  first  coined  for 
nt :  it  had  been  in  previous  use  to  denote  various  sub- 
kown  at  that  time,  which  had  the  property  of  glowing  in 
To  distinguish  the  element  it  was  called  Brand* s  phos- 
'  English  phosphorus. 

enee. — Phosphorus  has  never  been  found  in  nature 
ie  state.  In  combination  with  oxygen  and  metals,  as 
iS,  it  is  very  widely  distributed,  especially  as  calcium 
L     The  following  are  some  of  the  commonest  natural 


>rerite,  or  estramadurite      .    Ca3(P04)2. 

ite        .        ...        .    3Cas(P04)2CaCl,. 

dlite 2Ali(P04)2,Alj(HO)fl,9HsO. 

1  phosphate  is  present  in  all  fertile  soils,  being  derived 
disintegration  of  rocks :  the  presence  of  phosphates  in 
een  shown  to  be  essential  to  the  growth  of  plants.  From 
ible  it  passes  into  the  animal  kingdom,  where  it  is  chiefly 
1  the  urine,  brain,  and  bones.  Bones  contain  about  60 
of  calcium  phosphate,  to  which  they  entirely  owe  their 

of  Formation. — Manufaciure.  The  chief  source  of 
LIS  is  bone  ash,  a  material  obtained  by  burning  bones, 
h  consists  of  nearly  pure  calcium  phosphate,  Ca3(P04)2. 
rieties  of  calcium  phosphate,  such  as  sombrerite  and 
re  also  employed,  as  well  as  phosphates  of  other  metals, 
he  Redonda  phosphates,  which  consist  of  phosphates  of 
alumina.  The  bone  ash,  in  fine  powder,  is  first  decom- 
means  of  sulphuric  acid,  specific  gravity  1.5  to  1.6.  This 
is  performed  in  laige  circular  wooden  vessels,  resem- 
•cwer^s  "mash  tun,"  provided  with  an  agitator,  and  into 
^h  pressure  steam  can  be  driven.  Finely-ground  bone  ash 
luric  acid,  in  charges  of  a  few  cwts.  at  a  time,  are  alter- 
rred  into  the  decomposer,  until  from  four  to  five  tons  of 
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pUospbate  have  been  introduced,  with  sufficient  sdd  to  convert  A 
vikoU  of  ihe  lime  into  calcium  sulphate,  according:  to  \ 
lion — 

Ca/PO^  +  3H,S04  -  3CaSO,  +  SH,POt. 

The  contents  of  the  decomposer  are  next  lun  out 
tanks,  and  the  phosphoric  acid  is  then  concentrated  t 
large  lead-lined  pans  through  which  steam-coils  pass,  the  li 
being  constantly  agitated  by  a  mechanical  stirrer. 

'Ihe  concentrated  liquor  b  next  mixed,  either  with  nwdoM 
wiih  coarsely-ground  charcoal,  or  coke,  and  the  mixture  o 
pletely  dried  by  being  heated  in  a  cast-iron  pot,  or  in  a  muffle,  i 


dull  red  heat.  During  this  process,  the  tribasic  phosphoric  aol 
(or  orthophosphoric  acidX  HiPO^,  is  converted  by  loss  of  waW 
into  metaphosphotic  acid,  HPOj— 

H,P04=  H,0  +  HPO^ 

The  charred  mixture  is  then  distilled  in  bottle-shaped  retoiti  of 
Siourbridge  clay,  about  3  feet  long,  and  having  an  internal  diamete 
of  8  inches.  A  number  of  these  retorts,  usually  twenty-Tour,  are 
arranged  in  two  tiers,  in  a  galley  furnace,  as  seen  in  section  in  Fig. 
114.  The  empty  retorts  are  first  gradually  raised  to  a  bright  red 
heat,  and  a  charge  of  the  mixture  is  then  quickly  introduced.    Ucni 
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pieces  of  2-inch  malleable  iron  pipe  are  then  luted  into  the 
mouths  of  the  retorts,  connecting  Uiem  with  the  pipes,  D  D'. 
These  pipes  dip  into  troughs  of  water,  £  £',  which  run  along  the 
entire  length  of  the  furnace,  and  in  which  the  phosphorus  con- 
denses. The  temperature  of  the  furnace  is  then  raised  to  a  white 
heat,  when  decomposition  of  the  metaphosphoric  acid  commences, 
and  phosphorus  begins  to  distil  over.  The  process  is  continued 
for  about  sixteen  hours.  The  change  that  goes  on  is  mainly 
represented  by  the  following  equation — 

4HP0,  +  12c  -  12C0  +  2Hj  +  4P. 

The  crude  product,  which  is  usually  dark  red  or  black  in  appear- 
ance, is  first  melted  under  hot  water,  and  thoroughly  stirred,  in 
order  to  allow  the  greater  part  of  the  rougher  suspended  matters  to 


Fig.  11$. 

rise  to  the  surface.  The  mass  is  then  allowed  to  resolidify.  The 
exact  processes  by  which  phosphorus  is  further  purified  on  a  manu- 
facturing scale  are  guarded  as  trade  secrets  :  one  method  that  has 
been  in  use,  consists  in  treating  the  phosphorus  while  melted  under 
water,  with  a  mixture  of  potassium  dichromate  and  sulphuric  add, 
whereby  some  of  the  impurities  are  oxidised,  and  others  are  caused 
to  rise  to  the  surface  as  a  sctmi,  leaving  the  phosphorus  as  a  clear 
liquid  beneath. 

Phosphorus  usually  comes  into  commerce  either  in  the  form  of 
wedges,  or  as  sticks.  The  operation  of  casting  the  phosphorus  into 
sticks  is  performed  beneath  water.  A  quantity  of  phosphorus 
beneath  a  shallow  layer  of  water  is  placed  in  the  vessel  C,  Fig.  1 1 5, 
which  is  contained  in  a  tank  of  water  through  which  a  steam-coil 
passes.  Connected  to  the  phosphorus  reservoir  is  a  glass  tube,  G, 
which  passes  into  a  second  shallow  tank  of  cold  water.  On  open- 
ing the  cock  D,  the  liquid  phosphorus  flows  into  the  cold  glass  tube, 
where  it  congeals,  and  it  may  then  be  drawn  through  as  a  continuous 
rod  of  phosphorus,  if  care  be  taken  not  to  draw  it  out  faster  than  it 
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solidifies.  It  is  the  custom  to  adopt  a  uniform  length  and  thid* 
ness  of  stick,  namely,  ^\  inches  long  and  \  inch  diameter.  Nine 
such  sticks  weigh  i  lb. 

Properties.— When  freshly  prepared  and  kept  in  the  daz^ 
phosphorus  is  a  translucent,  almost  colourless,  wax-like  solid 
Even  in  the  dark  it  soon  loses  its  transparency,  and  becooMS 
coated  with  an  opaque  white  film ;  while  if  exposed  to  the  ligbti 
the  film  that  forms  becomes  first  yellow,  then  brown,  and  in  time 
the  phosphorus  assumes  a  red  and  even  a  black  colour  throughout 
its  entire  mass.  Its  specific  gravity  at  i6*  is  1.82.  At  o*  phos- 
phorus becomes  moderately  brittle,  and  a  stick  of  it  may  be  reacGIy 
snapped,  when  its  crystalline  character  will  be  seen.  At  15*  it 
becomes  soft,  and  may  be  cut  with  a  knife,  like  wax.  Phospfaonis 
melts  under  water  at  43.3%  and  the  liquid  exhibits  the  property  ol 
suspended  solidification.  If  the  melted  material,  which  has  been 
cooled  below  its  solidifying  point,  be  touched  with  a  fragment  of 
phosphorus  upon  the  end  of  a  capillary  glass  tube,  the  mass 
instantly  congeals  with  rise  of  temperature.* 

Phosphorus  contained  in  a  closed  vessel,  without  water,  melts 
at  as  low  a  temperature  as  30**,+  and  when  heated  in  air  to  34*  it 
takes  fire.  At  a  temperature  of  269*  phosphorus  boils,  and  forms 
a  colourless  vapour. 

Phosphorus  is  volatile  at  ordinary  temperatures  :  if  a  small 
quantity  of  phosphorus  be  sealed  in  a  vacuous  tube,  and  the  tube 
be  placed  in  the  dark,  the  phosphorus  will  slowly  vaporise  ;  and  if 
one  end  of  the  tube  be  kept  slightly  cooler  than  the  rest,  the  phos- 
phorus will  sublime  upon  that  part,  in  the  form  of  brilliant,  colour- 
less, and  highly  refracting  rhombic  crystals,  which  retain  their 
beauty  so  long  as  they  are  kept  in  the  dark.  The  density  of 
the  vapour  of  phosphorus  is  61.92,  giving  a  molecular  weight  of 
123.94,  which  is  four  times  the  atomic  weight,  showing  that  the 
molecule  of  phosphorus  contains  four  atoms.  Even  at  temperatures 
as  high  as  1040  these  tetratomic  molecules  are  stable,  but  it  has 
been  shown  that  at  higher  temperatures,  dissociation  begins  to  take 
place. 

On  account  of  its  ready  inflammability,  phosphorus  is  always 
preserved  under  water,  which  exerts  practically  no  solvent  action 
upon  it.    It  is  extremely  soluble  in  carbon  disulphide,  i  part  of  this 

•  See  "Chemical  Lecture  Experiments,"  Nos.  510,  511. 
t  Readman. 
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quid  dissolving  9.26  parts  of  phosphorus.  On  evaporation,  the 
lement  is  deposited  in  the  form  of  o^ouiiess  crystals.  Phosphorus 
\  also  soluble,  but  to  a  less  extent,  in  chloroform,  benzene,  turpen- 
ine,  alcohol,  olive  oil,  and  many  other  solvents.  A  solution  of 
bosphorus  in  caibon  disulphide,  when  allowed  to  evaporate  upon 

piece  of  blotting-pi^ier,  leaves  the  element  in  so  finely  divided  a 
ondition,  that  its  rapid  oxidation  almost  immediately  raises  the 
emperature  to  the  ignition  point  of  the  phosphorus,  when  it 
ikes  fire. 

On  exposure  to  moist  air  in  the  dark,  phosphorus  appears  ^intly 
ominous,  emitting  a  pale  greenish-white  light,  and  at  the  same 
ime  evolving  white  fumes  which  possess  an  unpleasant,  garlic-like 
mell,  and  are  poisonous.  These  fumes  consist  mainly  of  phos- 
ihorous  oxide,  P40^  and  the  glowing  of  the  phosphorus  is  the 
esult  of  its  oxidation ;  phosphorus  does  not  glow  when  placed 
a  an  inert  gas  which  is  perfectly  free  from  admixed  oxygen, 
Ithough  the  presence  of  very  small  traces  of  free  oxygen  in  such  a 
^as,  is  sufficient  to  cause  the  phosphorescence.  At  a  few  de- 
crees below  o*,  phosphorus  ceases  to  glow  in  the  air.  Although 
he  glowing  is  due  to  oxidation,  phosphorus  does  not  appear 
ominous  in  pure  oxygen  at  temperatures  below  about  I5^  If, 
berefore,  a  stick  of  phosphorus  which  is  glowing  in  the  air, 
le  immersed  in  a  jar  of  oxygen,  its  phosphorescence  is  at  once 
topped.  I^  however,  the  oxygen  be  slightly  rarefied,  the  phos- 
»hoTUS  again  becomes  luminous.  Similarly,  the  phosphorescence 
hat  is  exhibited  in  air,  is  stopped  if  the  air  be  compressed.^  The 
low  of  phosphorus  is  believed  to  be  associated  with  the  formation 
f  oione,  for  the  presence  in  the  air  of  traces  of  such  gases  and 
apours  as  ethylene,  turpentine,  or  ether,  which  are  known  to 
lossess  the  power  of  destroying  ozone,  at  once  stops  the  glowing 
fa  stick  of  phosphorus. 

Phosphorus  is  incapable  of  uniting  with  oxygen  if  the  gas  be 
erfectly  pure  and  free  from  aqueous  vapour.  It  has  been  shown 
hat  in  oxygen  which  has  been  dried  by  prolonged  exposure  to  the 
[esiccating  action  of  phosphorus  pentoxide,  phosphorus  may  not 
fily  be  melted,  but  even  distilled,  without  any  combination  with 
be  oxygen  taking  place. 

If  water,  beneath  which  is  a  small  quantity  of  melted  phosphorus, 
e  boiled,  the  phosphorus  vaporises  with  the  steam,  and  renders 

*  "Chemical  Lecture  Experiments/'  Nos.  41310  ^i^. 
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the  steam  luminom :  use  is  made  of  this  property,  is  a  meuu  if 
detecting  free  phosphorus,  in  toxicological  analyns. 

Phosphoras  is  a  powerfully  poisonous  substance ;  in  luge  dosa 
it  causes  death  io  a  few  hours,  in  smaller  quantities  it  prodmi 
stomachic  pains  and  sickness,  usually  ending  in  convulsiim 
Persons  constantly  exposed  to  the  vapours  arising  fsatn  tbe  hmt 
ling  of  phosphorus,  either  in  its  manulacture  or  in  the  manu&am 
of  matches,  are  very  liable  to  sufler  from  caries  of  the  bones  of  tki 
jaw  and  nose  \  it  is  believed  that  this  injuriotis  effect  is  canscd  bf 


the  white  fumes  which  are  the  product  of  oxidation,  and  not  bf 
the  actual  vapour  of  phosphorus. 

Red  Phosphorus. —When  phosphorus  is  heated  to  a  tempen- 
ture  between  340°  and  250',  out  of  contact  with  air,  it  passes  into 
an  alloiropic  modificaiion.  The  same  transformation  takes  plat* 
when  phospliorus  is  healed  to  200°  with  an  cjctremely  small  pro- 
portion of  iodine. 

Red  phosphorus  is  manufactured  by  heating  ordinary  phosphorv 
in  a  cast-iron  pot,  provvdcd  ■wit.h  a  cover,  through  which  passu  ■ 
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short  open  pipe,  D  (Fig.  1 16).  The  pot  is  carefully  and  uniformly 
heated  to  between  240*  and  250%  as  indicated  by  the  thermometers 
C  Cy  which  are  encased  in  metal  tubes,  to  prevent  the  phosphorus 
fiom  attacking  the  glass.  A  small  quantity  of  the  phosphorus 
lieoomes  oxidised  by  the  air  within  the  vessel,  but  after  this  atmos- 
pheric oxygen  is  used  up,  no  further  oxidation  takes  place.  If  the 
temperature  be  allowed  to  rise  above  260°,  the  red  phosphorus  is 
leqonverted  into  the  ordinary  modification,  and  with  the  evolution 
of  so  much  heat,  that  unless  the  open  tube  be  provided,  as  a  safety- 
valve,  the  iron  vessel  is  liable  to  burst  The  material  that  is 
obtained  at  the  end 'of  the  operation,  is  in  the  form  of  hard,  solid 
hmips,  which  still  contain  a  certain  amount  of  the  unchanged 
phosphorus  mixed  with  them.  It  is  first  ground  to  powder  beneath 
water,  and  then  boiled  with  a  solution  of  sodium  hydroxide  (caustic 
soda)y  to  remove  the  ordinary  phosphorus,  and  finally  washed  and 
dried. 

Properties. — Red  phosphorus,  as  usually  sent  into  conmierce, 
is  a  chocolate-red  powder,  having  a  specific  gravity  of  2.25.  It 
is  not  luminous  in  the  dark,  ana  has  no  taste  or  smell.  It  is 
not  poisonous,  and  when  taken  into  the  system  is  excreted  un- 
changed. It  is  not  soluble  in  carbon  disulphide,  or  in  any  of  the 
solvents  which  dissolve  ordinary  phosphorus.  Red  phosphorus  is 
nnaffected  by  exposure  to  dry  air  or  oxygen,  but  in  the  presence 
of  moisture  it  is  very  slowly  oxidised.  If  red  phosphorus  which 
has  been  perfectly  freed  from  ordinary  phosphorus,  and  carefully 
washed  and  dried,  be  exposed  to  air  and  moisture,  it  is  found  after 
the  lapse  of  some  time  to  have  become  acid,  owing  to  slight  oxida- 
tion into  phosphoric  acid.  When  heated  in  contact  with  air,  red 
phosphorus  does  not  ignite  below  a  temperature  of  240"*.  Red 
phosphorus  may  be  obtained  in  the  form  of  rhombohedral  crystals 
by  heating  the  substance  under  pressure  to  a  temperature  of  580*". 
The  chief  use  of  phosphorus  is  in  the  manufacture  of  matches. 
When  ordinary  phosphorus  is  employed,  the  bundles  of  wooden 
splints  are  first  tipped  with  melted  paraffin  wax,  and  afterwards 
dipped  into  a  paste,  made  of  an  emulsion  of  phosphorus,  chlorate 
of  potash,  and  glue.  Matches  so  made,  ignite  when  rubbed  upon 
any  rough  surface ;  the  paraffin  (which  is  sometimes  replaced  by 
sulphur)  serving  to  transmit  the  combustion  from  the  phosphorus 
to  the  wood.  Since  the  discovery  of  red  phosphorus,  and  its  non- 
injurious  properties,  the  old  phosphorus  match  has  been  largely 
superseded  by  the  so-called  safety  matches.     In  iVvese  m^iXcV^s  ^^\^ 
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splints  are  tipped  with  a  mixture  of  potassium  chlorate,  potassioi 
dichromate,  red  lead,  and  antimony  sulphide,  and  they  are  ignitei 
by  being  rubbed  upon  a  prepared  sur^ure,  consisting  of  a  mixtne 
of  antimony  sulphide  and  red  phosphorus.  Although  these  matcki 
will  not  ignite  by  ordinary  friction  upon  any  but  the  specially 
prepared  surface,  they  may  be  inflamed  by  being  swiftly  dnn 
along  a  sheet  of  ground  glass,  or  strip  of  linoleum. 


COMPOUNDS  OF  PHOSPHORUS  WITH  HYDROGEN. 

Three  compounds  of  phosphorus  and  hydrogen  are  knon^ 

namely — 

PHs  (gaseous) ;  PsH4  (liquid) ;  and  FJi/f)  (solid). 


GASEOUS  PHOSPHOBETTED  HTDBOOEH  {Hydrogen  f^ospkik\ 

Fhosphine). 

Formula,  PH3.     Molecular  weight  =  33.96.    Density  =  16.98. 

Modes  of  Formation. — (i.)  This  substance  is  formed  when  red 
phosphorus  is  gently  heated  in  a  stream  £)f  hydrogen. 

(2.)  It  may  be  prepared  by  boiling  phosphorus  with  a  solution  of 
potassium  or  sodium  hydroxide — 

3NaHO  +  4P  +  SHgO  =  SNaHjPOg  +  PH3. 

In  this  reaction  a  small  quantity  of  the  liquid  hydride  (PjHJis 
simultaneously  formed,  which  imparts  to  the  gas  the  property  of 
spontaneous  inflammability.  It  also  contains  a  certain  quantity 
of  free  hydrogen,  produced  by  the  action  of  the  caustic  alkali  upon 
the  sodium  hypophosphite,  thus — 

NaHjPOj  +  2NaH0  =  SHj  +  NajPO^. 

To  obtain  the  gas  by  this  method,  a  quantity  of  a  strong  solutioo 
of  caustic  soda,  and  a  few  fragments  of  phosphorus,  are  placed  in 
a  flask,  fitted  as  shown  in  Fig.  117.  A  stream  of  coal  gas  is  passed 
through  the  apparatus,  in  order  to  displace  the  air,  and  the  solutioo 
is  gently  heated.  Phosphoretted  hydrogen  is  readily  disengaged,  ' 
and  as  each  bubble  escapes  into  the  air,  it  bursts  into  flame,  and 
forms  a  vortex  ring  of  white  smoke  of  phosphoric  acid. 

If  alcoholic  potash  be  substituted  for  the  aqueous  solution  in 
tills  reaction,  the   liquid  phosphoretted  hydrogen  is  dissolved  in 
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xXvr-  ;i'rolu>l,  and  the  ^-as  wli'u  li   is  evolved  is  ihcrt-torc  luti    spon- 
taneously inflammable.* 

(3.)  Phosphoretted  hydrogen  is  also  produced  by  the  action  of 
iRFater  upon  calcium  phosphide — 

3P,Ca,  +  12H,0  =  6Ca(HO)8  +  4PH8  +  2P. 

A  secondary  reaction,  by  which  liquid  phosphoretted  hydrogen 
is  formed,  goes  on  simultaneously — 

PjCa,  +  4H,0  -  2Ca(HO)8  +  P,H4. 
The  gas,  therefore,  that  is  evolved  is  spontaneously  inflammable 


Fig.  117. 

(4.)  Pure  gaseous  phosphoretted  hydrogen  may  be  prepared  by 
the  acdon  of  potassium  hydroxide  upon  phosphonium  iodide — 

PH4I  +  KHO  =  KI  +  HjO  +  PHj. 

Properties. — Gaseous  phosphoretted  hydrogen,  or  phosphine, 
is  a  colourless  gas,  having  an  offensive  smell  resembling  rotting 
fish.  It  is  not  spontaneously  inflammable,  but  its  ignition  tem- 
perature is  below  100*  C.  (see  page  291).  The  gas  bums  with  a 
brightly  luminous  flame,  producing  water  and  metaphosphoric 

PHs  +  20,  =  HPOs  +  HjO. 

When  burnt  in  oxygen  the  flame  is  extremely  dazzling. 

The  gas  is  not  acted  upon  by  oxygen  at  ordinary  temperatures 
and  pressures,  but  if  a  mixture  of  these  gases  be  suddenly  rarefied, 

*  See  "Cbemicml  Lecture  Experimenls;*  l^o.  ^, 
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combination  at  once  takes  place  with  explosion.  Phosphoretted 
hydrogen  is  decomposed  by  chlorine  or  bromine,  a  jet  of  the  gas 
spontaneously  igniting  when  introduced  into  chlorine,  or  the  vi^oai 
of  bromine — 

PH,  +  4C1,  «  3HC1  +  PCV. 

The  gas  is  also  decomposed  by  iodine,  but  in  this  case  die 
action  is  less  energetic,  and  a  portion  of  the  hydriodic  add  which 
is  produced,  unites  with  the  phosphine  and  forms  phosphommn 
iodide,  thus— 

(I.)    PH,  +  31,  -  PI,  +  8HL 

(i)    PH, +  HI-PH4I. 


Phosphine  is  a  highly  poisonous  gas,  and  the  inhalation  of 
small  quantities  of  it  is  attended  with  injurious  effects.  It  is 
slightly  soluble  in  water,  and  imparts  its  own  smell  and  an  un- 
pleasant taste  to  the  liquid.  The  solution  decomposes  after  a 
short  time,  especially  in  the  light,  and  deposits  red  phosphorus. 

Phosphoretted  hydrogen  has  no  action  upon  either  litmus  or 
turmeric  paper,  but  it  resembles  its  nitrogen  analogue,  ammonia, 
in  combining  with  hydrochloric,  hydrobromic,  and  hydriodic  acids, 
forming  respectively  phosphonium  chloride,  bromide,  and  iodide. 

Phosphonium  Chloride,  PH4CI.— When  a  mixture  of  phos- 
phine and  gaseous  hydrochloric  acid  is  passed  through  a  tube 
immersed  in  a  freezing  mixture,  the  gases  unite  and  form  a  white 
crystalline  incrustation  upon  the  tube.  I f  the  tube  be  afterwards 
sealed  up,  the  compound  may  be  sublimed  from  one  part  of  the 
tube  to  another,  when  it  crystallises  in  large,  brilliant,  transparent 
cubes.  If  the  tube  be  opened,  the  compound  rapidly  dissociates 
into  its  two  generators.  This  compound  may  also  be  obtained  by 
subjecting  a  mixture  of  the  two  gases  to  pressure.  Under  a  pres- 
sure of  about  eighteen  atmospheres  at  the  ordinary  temperature, 
crystals  of  phosphonium  chloride  are  deposited  ;  and  as  the  pres- 
sure is  released  the  crystals  gradually  dissociate  again. 

Phosphonium  Bromide,  PH4Br.  — Phosphoretted  hydrogen 
combines  with  hydrobromic  acid  at  ordinary  temperatures  and  pres- 
sures, but  as  the  compound  begins  to  dissociate  at  the  ordinary 
temperature,  the  combination  is  only  completely  brought  about  \s^ 
cooling  the  gases.  Phosphonium  bromide  may  be  readily  pre- 
pared by  passing  the  two  gases  into  a  flask  inunersed  in  a  mode- 
rate freezing  mixture.    The  sail  may  be  obtained  in  the  form  of 
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l.ir;4e  transparent  cubical  crystals  by  sublimation  in  a  scaled 
vessel. 

Phosphonlum  Iodide»  PH4I. — This  compound  may  be  obtained 
by  a  method  similar  to  that  given  for  the  preparation  of  the  bro- 
mide. It  is  also  produced  when  phosphoretted  hydrogen  is  passed 
over  iodine,  as  already  mentioned.  It  is  most  readily  prepared  by 
the  action  of  water  upon  a  mixture  of  phosphorus  and  iodine.  For 
this  purpose  ten  parts  of  phosphorus  are  dissolved  in  carbon  disul- 
phide  in  a  tubulated  retort,  to  which  seventeen  parts  of  iodine  are 
gradually  added,  the  retort  being  kept  cold.  The  carbon  disul- 
phide  is  then  distilled  oiT  from  a  water-bath,  a  stream  of  carbon 
dioxide  being  passed  through  the  apparatus  towards  the  end  of 
the  distillation,  to  assist  in  expelling  the  last  traces  of  the  disul- 
phide. 

Six  parts  of  water  are  then  gradually  introduced  from  a  dropping 
funnel,  when  a  brisk  action  takes  place,  and  the  phosphonium 
iodide  pnxluced  is  volatilised,  and  may  be  condensed  in  a  long 
wide  glass  tube  connected  to  the  retort.  Hydriodic  acid  is  at  the 
same  time  formed — 

91  +  13P  +  24H,0  =  7PH4I  +  2HI  +  6H5PO4. 

The  phosphonium  iodide  condenses  in  the  form  of  brilliant 
quadratic  prisms. 
Liquid  PfaoBphoretted  Hydrogen,  P2H4.— This  compound  is 

obtained  in  small  quantities,  when  phosphorus  is  boiled  with  a 
solution  of  caustic  soda.  It  is  obtained  in  large  quantities,  by  the 
decomposition  of  calcium  phosphide  with  water,  by  the  reaction 
already  mentioned.  In  order  to  collect  the  compound,  a  quantity 
of  calcium  phosphide  is  introduced  into  a  flask  provided  with  a 
dropping  funnel  and  exit  tube.  After  displacing  the  air  from  the 
apparatus  by  an  inert  gas,  water  is  gradually  introduced  from  the 
funnel,  and  the  products  of  the  reaction,  after  passing  through  a 
small  empty  tube,  where  water  is  arrested,  are  passed  through  a 
U-tube  immersed  in  a  freezing  mixture,  where  the  liquid  phos- 
phoretted hydrogen  condenses. 

Properties. — Liquid  phosphoretted  hydrogen  is  a  colourless, 
highly  refracting,  and  spontaneously  inflammable  liquid.  On  ex- 
posure to  light  it  is  quickly  decomposed  into  the  gaseous  and  the 
solid  hydrides  of  phosphorus — 

6P,H4  -  P^H,  +  6PH^ 
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The  fermation  of  a  spontaneously  inflammable  gas  by  the  UtioD 
or  water  upon  calcium  phosphide,  has  found  a  pncdcal  applicatiai 
in  the  marine  appliance  known  as  "  Holmes'  signal'  This  coo- 
sists  of  a  tin  canister  filled  with  lumps  of  caldum  phosphide.  A 
metal  tube,  closed  at  the  bottom  with  a  piece  of  block  tin,  enters  the 
canister  bom  below,  and  a  short  cone  of  the  same  soft  metal  is 
soldered  upon  the  top.  When  the  signal  is  to  be  used,  it  is  secunlr 
fixed  into  a  wooden  float.  Fig.  iiS.  The  cone  is  cut  of^  and  i 
bole  punctured  through  the  bottom  of  the  tube  below,  and  the 
apparatus  thrown  into  the  sea.  The  phosphoretted  hydrogoi 
spontaneously  ignites  and  bums  with  a  laige  brilliant  flame  kaa 
the  top  of  the  tin,  illuminating  a  considerable  area. 


^ 


^^ 


^\ 


Solid  Phosphoretted  Hydrwen,  P,H^?)— The  compositjoo 

of  this  compound  is  not  known  with  certainty.  It  is  a  yellow 
powder,  obtained,  as  already  mentioned,  by  the  spontaneous  decom- 
position of  the  liquid  compound. 

COMPOUNDS  OF  PHOSPHORUS  WITH  TUB  HALOGENS. 
Phosphoms  combines  with  all  the  halogen  elements,  forming  the 


»*Fs 

PCI. 

PBr, 

PF» 

PCI. 

PBr. 

Phosphorus  Trifluoride,  PF„  is  obtained  by  the  action  of 
arsenic  trifluoride  upon  phosphorus  trichloride — 
AsF,  +  PClj  =  PF,  +  AsClj. 
It  is  more  conveniently  prepared  by  gently  heating  a  mixture  of 
line  fluoride  and  phosphorus  tribromide — 

SZnFi  +  ZPBt,  -  SPFt  -<-  SZnBr^ 
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Properties. — Phosphorus  trifluoride  is  a  colourless,  pungent- 
smeUing  gas.  •  It  has  no  action  upon  glass  in  the  cold,  but  when 
heated  it  forms  silicon  fluoride  and  phosphorus.  It  is  moderately 
soluble  in  water.  Phosphorus  trifluoride  unites  directly  with 
bromine,  forming  the  compound  PFsBr^. 

Phosphorus  Pentafluoride,  PF5.— This  compound  is  formed 
when  phosphorus  bums  in  fluorine.  It  is  best  prepared  by  the 
acti<m  of  arsenic  trifluoride  upon  phosphorus  pentachloride — 

6AsF,  +  3PC1»  -  3PF5  +  5AsCl,. 

Properties. — Phosphorus  pentafluoride  is  a  heavy,  colourless 
gas,  which  fumes  strongly  in  moist  air,  being  decomposed  by  water 
into  hydrofluoric  and  phosphoric  acids — 

PF4  +  4H,0  -  6HF  +  H,P04. 

Owing  to  this  decomposition  it  has  a  pungent  and  irritating 
effect  upon  the  mucous  membrane. 

It  is  not  acted  upon  by  oxygen,  but  unites  directly  with  dry 
gaseous  ammonia,  forming  a  white  solid  compound  having  the 
composition  2PF£,6NHj. 

Phosphorus  pentafluoride  is  an  extremely  stable  compound,  being 
capable  of  withstanding  a  very  high  temperature  without  dissocia- 
tion. On  this  account  it  is  of  special  interest,  as  affording  an 
example  of  a  compound  in  which  phosphorus  is  united  to  five 
monovalent  atoms  to  form  a  stable  substance.  The  corresponding 
chlorine  and  bromine  compounds  readily  dissociate,  when  heated, 
into  compounds  containing  trivalent  phosphorus  and  the  free 
halogen. 

Phosphorus  Triehloride,  PCI3. — This  compound  is  prepared 
by  passing  dry  chlorine  over  red  phosphorus,  gently  heated  in  a 
tubulated  retort  The  two  elen>ents  readily  combine,  and  the 
volatile  trichloride,  mixed  with  more  or  less  of  the  pentachloride, 
distils  off,  and  is  collected  in  a  well-cooled  receiver.  The  product 
is  freed  from  the  higher  chloride  by  redistillation  over  ordinary 
phosphorus. 

Properties.  —  Phosphorus  trichloride  is  a  colourless,  mobile 
liquid,  which  boils  at  75-95*.  ^^  ^^  ^  pungent  smell,  and  fumes 
strongly  in  moist  air.  Water  at  once  decomposes  it  into  hydro- 
chloric and  phosphorous  adds — 

PCI,  +  3H^0  =  HjPOj  +  3HCL 
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PhosphoFOB  Pentaehloride,  PCl^— This  cxsmpound  is  feimed 
when  phosphorus  burns  in  excess  of  chlorine.  It  is  prepared  bf 
the  action  of  chlorine  upon  the  trichloride.  Dry  chlorine  is  passed  \ 
on  to  the  surface  of  a  quantity  of  the  trichloride,  contained  in  t  ' 
flask  which  is  kept  cool.  The  absorption  of  the  chlorine  is  attended  \ 
with  considerable  rise  of  temperature,  and  the  contents  of  the  flask  \ 
rapidly  become  converted  into  a  dry,  pale  yellow  solid. 

Phosphorus  pentaehloride  is  conveniently  obtained  by  passing 
chlorine  through  a  solution  of  phosphorus  in  carbon  disulphide, 
the  solution  being  kept  cold. 

Properties. — Phosphorus  pentaehloride  is  a  yellowish -white, 
crystalline  solid,  having  a  pungent  and  irritating  odour.  It  fumes 
strongly  in  contact  with  moist  air,  being  decomposed  by  moisture 
into  hydrochloric  acid  and  phosphorus  ozychloride — 

PClg  +  H,0  »  2HC1  +  POCl^ 

With  excess  of  water,  both  phosphorus  oxychloride  and  phos- 
phorus pentaehloride  dissolve  with  evolution  of  heat,  fonning 
hydrochloric  and  phosphoric  acids — 

POClj  +  SHjO  =  HsP04  +  3HC1. 
PCI5     +  4H80  =  H8PO4  +  5HCL 

Phosphorus  pentaehloride  readily  sublimes,  without  melting,  at 
a  temperature  below  that  of  boiling  water.  It  can  only  be  melted 
by  being  heated  under  pressure,  to  a  temperature  of  148*. 

As  the  vapour  of  phosphorus  pentaehloride  is  heated,  the  com- 
pound dissociates  into  phosphorus  trichloride  and  free  chlorine. 
At  300°  this  dissociation  is  complete,  and  the  vapour  consists  of 
equal  molecules  of  the  trichloride  and  chlorine.  The  gradual 
breaking  down  of  the  molecules  of  pentaehloride,  is  seen  from  the 
following  table,  which  gives  the  densities  of  the  gas  at  difTerent 
temperatures — 

Temperatures     182°  200*  250*  300' 

Density     .    .     72.5  69.2  57.0  51-95 

At  300'  it  consists  of  molecules  of  VC\^  (molecular  weight  - 
137.07),  and  molecules  of  chlorine  (molecular  weight  =  7a 74),  in 
equal  numbers,  which  theoretically  gives  the  molecular  weight— 

137.07  +  7a74 

4  "=  51-95' 
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rh(^sphoriis  pentachloride  is  an  important  chemical  reagent,  in- 
asmuch as  by  its  action  upon  oxyacids,  both  inorganic  and  organic, 
the  (HO)  group  in  the  acid  can  be  replaced  by  chlorine.  Thus 
with  sulphuric  acid,  chlorosiilphuric  acid  is  formed — 


HO 
HO 


I  SO,  +  PCI4  «  ^^  \  SO,  +  POCI3  +  HCL 


With  acetic  add  it  yields  acetyl  chloride — 


HO 
CH 


^  I  CO  +  PCI4  -  ^^  I  CO  +  FOCI,  +  HCL 


It  also  effects  the  replacement  of  (HO)  by  chlorine,  in  alcohols 
Thus,  with  ethyl  alcohol  (spirits  of  wine)  it  forms  ethyl  chloride — 

CH  }  ^"*  ■*■  ^^^  "  CH  }  ^"«  "*■  ^^^^»  "^  "^^ 

Fliosiklicrai  Trlbroilliidab  FBr,,  is  best  prepared  by  dropping  bromine  upon 
an  excess  of  red  phosphorus.  It  forms  a  colourless  pungent-smelling  liquid, 
which  boils  at  173.9*. 

FbOBidionu  Pentaliraillida^  PBts,  is  prepared  by  adding  bromine  to  the 
tribromide.  It  is  a  yellow  solid,  which  melts  to  a  reddish  liquid.  It  is  very 
unstable,  being  dissociated  below  100*  into  its  generators,  the  tribromide  and 
bromine. 

MldlOSIlllOimi  TMriOdide  [phosphorus  di'iodidc\  P,l4.~This  substance  is 
prepared  by  the  gradual  addition  of  8.9  parts  of  iodine  to  x  part  of  phosphorus 
dissolved  in  carbon  disulphide.  On  gently  distilling  off  the  carbon  disulphide, 
the  iodide  is  left  a;  a  jrellow  crystalline  soUd.    The  compound  melts  at  xzo^ 

FbOBidMnu  M-iodide,  PI,,  is  obtained  by  employing  a  larger  proportion  of 
iodine  in  the  above  reaction.  It  is  a  solid  substance,  crystallising  in  red  six- 
sided  prisms,  which  are  decomposed  by  water  into  hydriodic  and  phosphorous 
adds. 


OXY  AND  THIO  COMPOUNDS  OF  PHOSPHORUS 

AND  THE  HALOGENS. 

The  following  compotmds  are  known,  containing  phosphorus 
combined  with  the  halogens,  and  either  oxygen  or  sulphur — 

POF, ;  POCl, ;  P,0,Cl4 ;  POBrCl, ;  POBr,. 
PSF,;  PSa,;        —  —  PSBr,. 

These  compounds  may  be  regarded  as  derived  from  the  haloid 
compounds^  by  the  replacement  of  two  atoms  of  l\it  Yi^o^^Ti\s^  ^tw 
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equivalent  of  oxygen,  or  of  divalent  sulphur ;  or  they  may  he  viewed 
as  derivatives  of  phosphoric  add,  hy  the  substitution  of  halof^en 
elements  in  the  place  of  (HO)  groups.  The  tribasic  phosphoiic 
acid,  PO(HO)3,  ^^^Y  ^  regarded  as  giving  rise  to  the  compoonds 
POF3,  P0C1„  &c  ;  while  the  compound,  PsO,C]«  may  be  viewed  as 
a  derivative  of  pyrophosphoric  add,  P|O^HO)^ 

Pboeplioryl  Fluoride  [pkotpkoms  axx/tuonde),  POF»  may  be  obtained  bf 
the  action  of  phosphoryl  chloride  (POClf)  upon  sIdc  fluoride — 

SZnF,  +  2PCX:i,  =  2POF,  +  SZoCa,. 


It  may  also  be  prepared  by  gently  beating  a  miztme  of  fin^  pofwdoed 
cryolite  and  phosphorus  pent(»dde— 

2(AlF,.8NaF)  +  2?^.  =  4POF,  -f  Al^,  +  8Na/X 

Phosphoryl  fluoride  is  a  colourless  gas,  whidi  fomes  in  the  air,  and  is  d» 
composed  by  water.     The  gas  in  a  dry  condition  does  not  attack  glass. 

Thiophosphoryl  Fluoride,  PSF3,  is  most  readily  prepared  by  gently  heat- 
ing in  a  leaden  tube,  a  mixture  of  dry  lead  fluoride  and  phosphorus  pentsr 
sulphide — 

8PbF,  +  PjSb  =  8PbS  +  2PSF,. 

The  gas  may  be  collected  over  mercury. 

Thiophosphoryl  fluoride  is  a  colourless  gas,  which  spontaneously  inflames 
when  a  jet  of  it  is  allowed  to  escape  into  the  air.  It  bums  with  a  pale  greenish 
non-luminous  flame.  In  pure  oxygen  the  gas  bums  with  a  yellow  and  more 
luminous  flame.  The  gas  is  decomposed  by  heat,  into  phosphorus  fluoride, 
phosphoms,  and  sulphur.  When  heated  in  a  glass  vessel,  sulphur  and  pbos* 
phorus  are  deposited,  and  silicon  tetrafluoride  is  formed — 

4PSF,  +  8Si  =  8SiF4  +  4P  +  4S. 

Phosphoryl  Chloride  {.phosphorus  oxychloride\  POCl,.— This 
compound  is  formed,  by  the  first  action  of  water  upon  phosphorus 
pcntachloride  (^.z/.)*  ^^  is  also  obtained  when  phosphorus  penta- 
chloride  and  pentoxide  are  heated  together  in  a  sealed  tube — 

SPClft  +  PjOfi  =  5P0CI,. 

It  is  most  readily  prepared  by  heating  phosphorus  pentachloride 
with  either  oxalic  acid,  or  boric  acid,  thus — 

PCI5  +  HAO4  =  POCU  +  2HC1  +  CO,  +  CO. 
Z?Z\  +  aH^BO^-  3P0CU  +  6HC1  +  B^O,. 
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Properties.— Phosphoryl  chloride  is  a  colourless  fuming  liquid, 

which  boils  at  107.23°.     When  cooled  to  about  — 10*  it  solidifies  to 

a  white  crystalline  mass,  which  melts  at  a8^    It  is  decomposed  by 

water  with  formation  of  tribasic  phosphoric  acid  and  hydrochloric 

add — 

POO,  +  3HjO  =  PO(HO)3  +  3HCL 

Pyxophoaplioiryl  CaUoride^  PsOsCl4,  is  obtained  by  passing  nitrogen  peroxide 
throogfa  phosphofus  trichloride,  and  subsequently  distilling  the  liquid.  The 
reaction  is  complicated,  and  cannot  be  expressed  by  a  single  equation  ;  nitro- 
gen is  evolved,  and  phosphorus  pentoxide,  nitrosyl  chloride,  and  phosphoryl 
chloride  are  simultaneously  formed.  Pyrophosphoryl  chloride  is  a  colourless 
filming  liquid,  boiling  between  aio*  and  az^.  It  is  decomposed  by  water, 
and  forms  hydrochloric  acid  and  orthophosphoric  acid  (not  fyrophasphoric 

P,0aCl4  +  5H,0  =  2HjPOa  +  iHCl 

It  is  oooverted  by  phosphorus  pentachloride  into  phosphoryl  chloride — 

PiO/34  +  POb  =  SPOClf 

Thlophoiplioiryl  OUotidd,  PSCly,  is  prepared  by  heating  a  mixture  of 
phosphorus  pentasulphide  and  pentachloride — 

SPOft  +  PjSj  =  spsa,. 

It  is  a  colouriess  liquid,  boiling  at  195".  It  fiimes  in  moist  air,  being  de- 
composed by  water  into  sulphuretted  hydrogen,  phosphoric  and  hydrochloric 

PSCls  -4-  4H,0  =  H,S  +  H,P04  +  3HC1. 


OXIDES  AND  OXYACIDS  OF  PHOSPHORUS. 

Four  compounds  of  phosphorus  and  oxygen  are  known,  all  of 
which  are  formed  when  phosphorus  is  burned  in  a  limited  supply 
of  air — 

Phosphorus  monoxide P4O. 

Phosphorous  oxide  (phosphorus  trioxide)  P4O0. 

Phosphorus  tetroxide P2O4. 

Phosphorus  pentoxide P2O5. 

The  two  compounds,  phosphorus  trioxide  and  pentoxide,  are  the 
best  known  of  these  oxides,  and  they  give  rise  respectively  to 
phosphorous  and  phosphoric  acids.  The  following  oxyacids  of 
phosphorus  are  known — 
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Hypophosphorous  acid 
Phosphorous  acid . 
Orthophosphoric  acid  . 
Pyrophosphoric  acid     . 
Metaphosphoric  acid    . 


HjPO,  — 

H,PO,  or  P{HO), 
H,PO,  „  PO(HO), 
H4PA,,  P,0/H0)4 
HPO,   „  PO,(HO) 


} 


PA 
PA 


nuMphonu  Monozide,  P4O.— When  phosphorus  is  burned  io  t  tik 
through  which  a  slow  stream  of  air  is  caused  to  pass,  a  portion  of  the  phoi- 
phorus  is  converted  into  the  monoxide,  which  forms  an  orange  red  solid 
substance. 

Phosphorous  Oxide  [phosphorous  afihydride\  Vfi%  \  moleailtf 
weight  =  221.52. — This  oxide  is  obtained,  mixed  with  a  large  cxcesi 
of  the  pentoxide,  when  phosphorus  is  burned  in  a  tube  throqp^ 


Fic.  119. 

which  a  regulated  stream  of  air  is  passed.  In  order  to  obtain  the 
compound  in  a  state  of  purity,  the  following  method  is  employed 
A  quantity  of  phosphorus  is  introduced  into  a  glass  tube,  bent  in  the 
manner  indicated  in  Fig.  119,  and  fitted  into  one  end  of  a  long, 
wide,  Liebig^s  condenser.  Into  the  end  of  the  condenser  nearest  to 
the  U-tube,  there  is  introduced  a  loose  plug  of  glass  wool,  which 
serv'es  to  arrest  the  pentoxide.  The  phosphorus  is  ignited  at  the 
open  end  of  the  glass  tube,  and  a  stream  of  air  drawn  through 
the  apparatus  by  means  of  an  aspirator.  A  stream  of  water,  at 
60*,  is  circulated  through  the  condenser,  when  the  easily  fusible 
phosphorous  oxide  is  carried  over,  and  condenses  in  the  U-tube, 
which  is  immersed  in  a  freezing  mixture. 


Phosphorus  PeJit oxide 
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Properties. — Phosphorous  oxide,  as  it  collects  in  the  cooled 
.  tube,  is  a  snow-white  crystalline  solid,  which  melts  at  22.5°  to  a 
colourless  liquid.  The  liquid  solidifies  at  2 1  **  to  a  white,  waxy-looking 
mass,  consisting  of  monoclinic  prismatic  crystals.  The  liquid  boils 
at  173. i^  It  possesses  an  unpleasant  garlic  smell,  and  is  highly 
poisonous.  Phosphorous  oxide  is  only  very  slowly  acted  upon  by 
cold  water,  which  gradually  dissolves  it,  forming  phosphorous 
add — 

P^Oe  +  6H,0  =  4H3PO3. 

In  contact  with  hot  water  a  violent  action  takes  place,  in  which 
spontaneously  inflammable  phosphoretted  hy- 
drogen is  evolved,  and  a  red  deposit,  consisting 
of  red  phosphorus  and  phosphorus  monoxide, 
is  formed. 

When  heated  in  a  sealed  tube  to  a  tem- 
perature of  440%  phosphorous  oxide  is  de- 
composed into  phosphorus  tetroxide,  and  red 
phosphorus — 

SPiOe  =  3P,04  +  2P. 

When  exposed  to  air  or  oxygen,  phosphorous 
oxide  is  gradually  oxidised  into  phosphorus  pic  lao 

pentoxide,  but  when  placed  in  warm  oxygen 
it  bursts  into  flame.     When  brought  into  chlorine  it  also  spon- 
taneously inflames. 

PlUMptaons  Tttroxtde,  P^^.— This  substance  is  obtained  when  phos- 
pbofous  oxide  is  heated  in  a  sealed  tube  to  a  temperature  of  440°.  It  forms 
brilliant  transparent  oystals,  which  appear  as  a  sublimate  in  the  tube.  This 
oxide  is  highly  deliquescent,  and  dissolves  in  water  with  evolution  of  heat 

PhOSphoms  Pentoxide,  P2O5 ;  molecular  weight  =  141.82.— 
This  oxide  is  the  m^n  product  of  the  combustion  of  phosphorus  in 
ur  or  oxygen.  It  may  readily  be  obtained,  by  burning  a  quantity 
of  phosphorus  in  a  small  capsule,  and  covering  the  whole  with  a 
large  bell-jar,  Fig.  12a  The  white  clouds  of  phosphorus  pent- 
oxide collect  as  a  soft  snow-like  substance. 

Properties. — Phosphorus  pentoxide  is  a  white,  amorphous,  and 
very  voluminous  powder.  It  is  without  smell,  although  as  usually 
prepared  it  frequently  possesses  a  slight  garlic  odour,  owing  to  the 
presence  of  phosphorous  oxide. 
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Phosphoras  pentoxide  is  extremely  hygroscopic,  absoriiiiig  moisp 
ture  from  the  air  with  great  rapidity.  It  most  therefore  be  pre- 
served either  in  well-fitting  stopper  bottles,  or  in  hermetiodlf 
sealed  vessels.  Its  affinity  for  water,  constitates  it  the  most  vet- 
ful  desiccating  agent  known  to  chemists :  prolonged  exposure  to 
phosphoric  pentoxide,  removes  the  last  traces  of  aqueous  vapoor 
from  gases. 

When  thrown  into  water,  phosphorus  pentosdde  is  dissolved  with 
a  hissing  sound,  resembling  the  quenching  of  hot  iron,  and  fonns 
metaphosphoric  acid — 

PjOj  +  H,0  -  2HPO» 
which  gradually  passes  into  orthophosphoric 

HPO,  +  HjO  =  H,P04. 

Phosphorus  pentoxide  is  capable  of  abstracting  the  elements  d 
water  from  a  number  of  substances,  both  inorganic  and  organic; 
thus,  it  converts  nitric  acid  into  nitrogen  pentoxide — 

2HN08  -  H,0  =  NjOft. 

In  the  same  way  it  withdraws  the  elements  of  water  from  alcohol, 
with  the  evolution  of  ethylene — 

CJAfi  -  HjO  =  C,H4. 

Hypophosphorous  Acid,  HgPOj.— This  acid  is  prepared  by  the 
action  of  sulphuric  acid  upon  the  barium  salt — 

Ba(HjP02)2  +  H,S04  =  BaS04  +  2H,PO,. 

The  solution,  after  the  removal  of  the  barium  sulphate  by  filtra- 
tion, is  gently  heated  until  its  temperature  rises  to  130*,  when  it 
will  be  sufficiently  concentrated  to  deposit  crystals,  when  cooled 
too". 

The  barium  hypophosphite  is  obtained  by  boiling  phosphorus 
with  a  solution  of  barium  hydroxide — 

3Ba(HO)2  +  8P  +  GHgO  =  SPHj  +  3Ba(H,PO^ 

Properties. — Hypophosphorous  acid  is  a  white  crystalline  com- 
pound, which  melts  at  17.4".    When  strongly  heated,  it  is  converted 
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into  oithophosphoric  add  with  the  evolution  of  gaseous  phos- 
phoretted  hydrogen — 

2H,P0,  =  HjPO^  +  PH3. 

Hypophosphorous  add  acts  as  a  powerful  redudng  agent,  on 
account  of  the  readiness  with  which  it  absorbs  oxygen  and  is  con- 
verted into  orthophosphoric  add — 

H    1  HOI  H    1  HOI 

H     IfO  +  O,  =  ho  VFO  ;  or  HO  Ip  +  O,  =  HO  IpO. 
HOj  HOj  HOj  HOJ 

Hypophosphorous  add  is  a  feeble  monobasic  add  ;  its  salts  with 
monovalent  metals  being  represented  by  the  formula  MH^PO,. 

It  is  customary  to  express  the  basicity  of  ozyacids  by  the  number  of  (HO) 
groups  that  are  contained  in  the  molecule,  and  as  this  acid  is  monobasic  its 
constitution  would  be  expressed  by  the  formula  PGHslHG).  Many  of  the 
oxyacids  of  phosphorus,  however,  show  a  tendency  to  exhibit  a  lower  degree 
of  basicity  than  is  represented  by  the  number  of  (HO)  groups  they  contain ; 
thus,  orthophosphoric  acid,  PO(HO)s.  which  is  tribasic,  and  forms  the  salt 
trisodium  phosphate,  PO(NaO)s,  holds  the  third  atom  of  the  metal  so  loosely, 
that  even  such  a  feeble  acid  as  carbonic  acid  is  capable  of  expelling  it — 


or — 


PO(NaO),  +  CO,  +  H,0  =  PO(HO)(NaO),  +  HNaCO^ 
Na,P04  +  COj  +  H,0  =  HNa^04  +  HNaCO^ 


The  weaker  acid,  phosphorous  add,  is  also  tribasic,  P(HO)3.  and  forms 
trisodium  phosphite,  P(NaO)s,  or  NasPOj.  But  this  salt  is  even  decomposed 
by  water,  into  the  disodium  phosphite,  P(HO)(NaO)3,  or  HNa^PGi. 

Hypof^osphorous  add  being  a  still  weaker  acid,  its  acidic  power  is  destroyed 
as  soon  as  one  atom  of  hydrogen  is  replaced  by  a  base,  and  its  constitution  may, 

in  harmony  with  these  facts,  be  expressed  by  the  formula  PH(HO)],  or  HO  >  P. 

HOj 

Phosphorous  Aeld,  H^POj,  or  P(HO)s.— As  already  mentioned, 
this  add  is  formed  when  phosphorous  oxide  is  dissolved  in  cold 
water. 

It  is  most  readily  prepared  by  the  action  of  water  upon  phos- 
phorus trichloride 


PQ,  +  3H,0  =  3HC1  +  P(HO)3. 
The  production  and  decomposition  of  the  phosphorus  trichloride 

2  ¥. 
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may  be  carried  on  simultaneously,  by  passing  a  stream  of  cMorine 
through  phosphorus  which  is  melted  beneath  water.  The  solution 
is  evaporated  until  its  temperature  rises  to  i8o*,  when  the  liquid 
will  have  become  so  concentrated  that  on  cooling  it  solidifies  to  i 
crystalline  solid. 

Properties. — Phosphorous  acid  is  a  white  crystalline  substance 
which  melts  at  70.1*.  When  heated,  it  decomposes  into  ortbo- 
phosphoric  acid,  with  evolution  of  phosphoretted  hydrogen — 

4H,PO,  =  3H,P04  +  PH,. 

Like  hypophosphorous  acid  this  compound  absorbs  oxygen,  and 
therefore  is  a  powerful  reducing  agent ;  silver  salts  are  reduced 
to  metallic  silver,  and  mercuric  sadts  are  reduced  to  mercuroos 
salts.  By  the  absorption  of  oxygen  it  is  converted  into  ortho- 
phosphoric  acid — 

HjPOs  +  O  =  HjPO*. 

Although  a  tribasic  acid,  its  tribasic  salts  are  unstable  ;  the 
sodium  compound,  NasPOs,  which  is  the  most  stable  inorganic 
salt,  is  decomposed  by  water  into  the  dibasic  salt — 

NagPOa  +  H2O  =  HNajPOg  +  NaHO. 

NaO)  HO  ^ 

or  NaO  [p  +  HjO  =  NaO  [  P  +  NaHO. 

NaoJ  NaoJ 

Orthophosphoric  Acid,  H3PO4,  or  PO(HO)3.— This  acid  is 
formed  when  phosphorus  pentoxide  is  dissolved  in  boiling  water, 
or  when  the  solution  of  the  oxide  in  cold  water  is  boiled — 

PjOft  +  3H2O  =  2H8PO4. 

Orthophosphoric  acid  is  readily  obtained  by  the  oxidation  of  red 
phosphorus  with  nitric  acid.  Copious  red  fumes  are  evolved,  and 
phosphoric  acid  remains  in  solution. 

Phosphoric  acid  is  prepared  on  a  large  scale  by  the  action  of 
sulphuric  acid  upon  bone  ash,  as  in  the  process  for  the  manu- 
facture of  phosphorus — 

Ca3(P04)2  +  3H,S04  =  3CaS04  +  2H3PO4. 
The  calcium  sulphate  is  removed  by  filtration,  and  the  solution 
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orated  to  a  syrap.  Prepared  in  this  way  the  acid  usually 
lins  arsenic  This  is  removed  by  first  reducing  it  to  arsenious 
s,  by  means  of  sulphur  dioxide,  and  after  boiling  off  the  excess 
ilphur  dioxide,  precipitating  the  arsenic  as  sulphide  by  means 
iphuretted  hydrogen. 

*opeFties. — ^The  solution  obtained  by  these  methods  is  either 
entrated  in  vacuo,  or  heated  to  a  temperature  of  140'',  and 
red  to  cool,  when  the  acid  is  obtained  in  the  form  of  trans- 
nt  six-sided  prismatic  crystals,  belonging  to  the  rhombic 
311.  The  substance  is  deliquescent,  and  melts  at  38.6^ 
losphoric  acid  is  tribasic,  and  forms  three  series  of  salts, 
rding  as  one,  two,  or  three  of  its  hydrogen  atoms  are  replaced 
n  equivalent  of  metal.  Thus,  with  the  metal  sodium  the  three 
are  known — 

!*risodium  phosphate  (normal  sodium  phosphate)    Na3F04. 
lydrogen  disodium  phosphate     ....     HNa2P04. 
)ihydrogen  sodium  phosphate     ....     H2NaP04. 

le  hydrogen  may  be  replaced  by  its  equivalent  of  more  than 
base.  TTius,  the  well-known  compound,  microcosmic  scUt^  is 
x>gen  sodium  ammonium  phosphate,  HNa(NH4)P04.  The 
which  is  precipitated  when  magnesium  sulphate  (in  the  pre- 
e  of  ammonium  chloride  and  ammonia)  is  added  to  a  solution 
phosphate,  consists  of  the  compound  ammonium  magnesium 
;phate  (NH4)MgP04. 

ac  heavy  metals  usually  only  form  normal  phosphates.  Thus, 
iie  addition  of  silver  nitrate  to  a  solution  of  either  of  the  three 
am  salts,  the  same  silver  salt  is  precipitated,  namely,  tri- 
ntic  phosphate. 

Na3P04     +  3AgNO,  =  Ag3P04  +  SNaNOj. 
»  HNa,P04  +  3AgNO,  =  AgsP04  +  2NaN03  +  HNO,. 
HjNaPOi  +  3AgN0,  =  Ag,P04  +  NaNOj    +  2HNOs. 

rrophosphoriC  Add,  H4P,07,  or  P203(H  0)4. —This  acid  is 

ff  jrdrogen  disodium  phosphate,  although  belonging  to  that  class  of  com- 
ds  commonly  called  add  salts,  on  account  of  the  fact  that  it  still  retains 
lion  of  the  replaceable  hydrogen  of  the  acid,  is  strongly  alkaline  in  its 
Q  upon  litmus :  silver  nitrate  is  a  neutral  compound,  hence  in  this  reaction, 
lizing  an  alkaline  and  a  neutral  liquid,  an  acid  liquid  is  obtained,  on 
mt  of  the  molecule  of  nitric  acid  that  is  set  free. 
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derived  from  orthophosphoric  add,  by  the  withdrawal  of  one 
molecule  of  water  from  two  molecules  of  the  ackL  This  change  is 
effected  by  heating  the  artho  add  to  213" — 

2H,P04  -  H,0  =  H^PjOjw 

The  formation  of  this  add  from  two  molecules  of  orthopbos- 
phoric  acid  will  be  made  dear  by  the  following  formulae — 

HO    HO  HO   HO  HO  HO  HO  HO 

0  =  P-  :0-H  hL  0-^=0     =  "H]b+o=^-o-p  =  a 

Pyrophosphates  are  formed  when  monohydrogen  orthophos- 
phatcs  are  heated.  Thus,  by  heating  hydrogen  disodium  ortho- 
phosphate,  sodium  pyrophosphate  is  formed — 

2HNa2P04  -  HjO  =  Na^PA- 

When  ammonium  magnesium  ..phosphate  (see  above)  is  heated 
in  the  same  way,  it  loses  water  and  ammonia,  and  is  transformed 
into  magnesium  pyrophosphate,  thus — 

2(NH4)MgP04  =  MgjPjOy  +  HjO  +  2NH4. 

Properties. — Pyrophosphoric  acid  is  an  opaque  white  crystal- 
line solid,  readily  soluble  in  water.  Its  aqueous  solution  passes 
slowly  into  orthophosphoric  acid,  the  change  taking  place  rapidly 
on  boiling  ;  a  solution  of  this  acid  therefore  cannot  be  concen- 
trated by  boiling. 

The  pyrophosphates  are  stable  salts,  and  their  solutions  may  be 
boiled  without  change  ;  by  boiling  with  acids,  however,  they  are 
converted  into  orthophosphates. 

Metaphosphoric  Acid,  HPO3  or  PO^HO).— This  acid  is  formed 
when  phosphorus  pentoxide  is  allowed  to  deliquesce.  It  may  be 
obtained  by  the  abstraction  of  one  molecule  of  water  from  one 
molecule  of  orthophosphoric  acid,  which  is  brought  about  by  heat- 
ing the  tribasic  acid  to  redness — 

HsP04  -  H,0  -  HPO^ 
It  is  also  obtained  by  strongly  heating  pyrophosphoric 


Metaphosphoric  Acid 
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The  sodium  salt  is  obtained  by  strongly  igniting  either  dihydrogen 
sodium  phosphate,  HjNaPOi,  or  hydrogen  sodiimi  ammonium 
phosphate  {microcosmtc  sal()^  HNa(NH4)P04;  or  dihydrogen 
sodium  pyrophosphate,  H^NasPgO;. 

Properties. — Metaphosphoric  acid  is  a  transparent  vitreous 
solid  (frequently  termed  glacial  phosphoric  acid).  It  is  readily 
fusible,  and  is  usually  cast  into  sticks.  At  a  high  temperature  it 
may  be  volatilised.  Metaphosphoric  acid  is  easily  soluble  in 
water,  and  its  solution  is  slowly  transformed  into  orthophosphoric 
acid :  this  change  takes  place  rapidly  on  boiling,  and  the  acid 
passes  directly  into  the  tribasic  acid  without  the  intermediate 
formation  of  pyrophosphoric  acid — 

HPOs  +  HjO  =  HsPO^. 

Metaphosphoric  acid  is  monobasic,  but  it  possesses  the  remark- 
able property  of  forming  a  number  of  salts,  which  may  be  regarded 
as  derived  from  sevend  hypotjjLetical  polymeric  varieties  of  the 
acid. 

Monometaphosphoric  acid.  HPO3,  forms  monometaphosphates,  NaPOj. 
Dimetaphosphoric  add,  (HPO^)],      ,,     dimetaphosphates,  K^P^Oe. 
Trimetaphosphoric  add,  (HPO|)s,      ,,     trimetaphosphates,  NasPsOg. 
Tetrametaphosphoric  add,  (HPOs)4,  „     tetrametaphosphates,  Pb]P40]s. 
Hezametaphosphcnric  add,  (HPOsJe.  •>     hexametaphosphates,  Na^P^Oxs. 

The  three  compounds,  ortho-,  pyro-,  and  metaphosphoric  acids, 
are  readily  distinguished  from  each  other  by  means  of  silver  nitrate, 
and  their  action  upon  albumen  : — 


ReacenL 


Silver  nitrate 


Albumen  . 


Orthophosi^ric 


Canary    yellow 
precipitate       of 

AaP04 

No  action 


Pyrophosphoric 
Add. 


White    crystalline 
precipitate       of 

Ag4P607 

No  action 


Metaphosphoric 
Add. 


White  gelatinous 
precipitate  of 
AgPOj 

Coagulates 


Orthophosphoric  acid  is  also  distinguished  by  giving  a  yellow 
precipitate  of  ammonium  phospho-molybdate,  upon  the  addition  of 
excess  of  a  solution  of  ammonium  molybdate  in  nitric  acid  (see 
Molybdenum)i 
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Componndi  of  nuMphonii  oontaliiiiiff  ntroc«a. — ^Bf  tbe  acckxi  of  •m- 
monia  upon  phosphorus  pentachloride,  and  apoo  phosphoiyi  dilonde(POQs). 
a  number  of  nitrogen  derivatives  are  obtained.  Thus,  when  gaseoos  ammooia 
is  passed  over  phosphorus  pentachloride,  and  the  scdid  mass  so  obuined  is 
heated  in  a  stream  of  an  inert  gas,  until  the  ammonhim  diloride  is  dritren 
off,  a  white  insoluble  powder  remains,  having  the  compositioo  represented  bf 
the  formula  PN(NH),  to  which  the  uanut  pkospkam  has  been  given   ■ 

PCI,  +  7NH,  =  6NH4a  +  PN(NH). 

Phoephoryl  TMamlde,  PO(NHs)p  is  obtained  by  the  action  of  gaseoos 

ammonia  upon  phosphoryl  chloride — 

POCl,  +  eNH,  =  PO(NHJ,  +  3NH4a. 


When  heated  out  of  contact  with  air,  phosphoryl  triamide  yields  ammonit 
^Xidi  phosphoryl  nitride t  thus — 

PO(NHJ,  =  2NH,  +  PON. 

PyrophospliAiiiio  Aeids. — ^Three  of  these  compounds  are  known,  wfaicfa 
may  be  regarded  as  pyrophosphoric  acid,  in  whidi  i,  a,  and  3  of  the  (HO) 
groups  have  been  replaced  respectively  by  the  group  (NH]),  thus — 


Pyrophosphoric  acid 
Pyrophosphamic  acid     . 
Pyrophosphodiaraic  acid 
Pyrophosphotriamic  acid 


PsO,(HO)4. 
PaO,(HO),(NH^ 
P20,(H0WNHa)^ 
PjsOjiHOiNHoh. 


Analogous  Oxides. 

.     .  P4S  . 

.     P4O. 

.        .     P,S, 

•               ^^" 

.            .       Pj^3      . 

.     P^O^ 

•             .       PA      . 

.       P,04. 

.            .       P»S5 

.     PjOfip 

Compounds  of  Phosphorus  with  Sulphur.— A  number  of  compounds  of 
phosphorus  and  sulphur  have  l)een  obtained  by  heating  together  varying  pro- 
I)ortions  of  sulphur  and  red  phosphorus.  The  following  compounds  are 
known : — 

r^hosphorus  monosulphide . 
Phosphorus  sesquisulphide 
Phosphorus  trisulphide 
Phosphorus  letrasulphide  (?) 
Phosphorus  pentasulphide  . 

Phosphorus  Pentasulphide,  P^S,.— This  compound  is  the  best- known 
member  of  the  scries.  It  is  prepared  by  gently  heating  red  phosphorus  and 
fragments  of  sulphur,  in  the  proportion  required  by  the  formula,  in  a  flask. 
ITie  elements  combine  with  energy,  and  on  cooling,  a  solid  mass  is  obtained 
This  solid  material  is  then  distilled  in  a  current  of  carbon  dioxide,  when  the 
pentasulphide  is  obtained  in  the  form  of  yellow  crystals.  The  compound  may 
also  be  obtained  by  dissolving  ordinary  phosphorus  and  sulphur  in  the  proper 
proportions  in  carbon  disulphide,  and  heating  the  solution  in  sealed  tubes  to 
210".  On  allowing  the  solution  to  cool,  yellow  crystals  of  the  pentasulphide 
are  deposiied.  Phosphorus  pentasulphide  is  decomposed  by  water  with  the 
formation  of  orthophosphoric  acid  and  the  evolution  of  sulphuretted  by drc^jea— 
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ABSEVIGi 

Symbol,  Ai.    Atomic  weight  =  74.9.    Molecular  weight  =  399.6. 

Vapour  density  =  149.8. 

Ooeomiiee. — Arsenic  is  found  in  the  free  state  in  nature, 
usually  in  the  form  of  small  nodules,  more  rarely  as  distinct  crystals. 
In  combination  with  sulphur  it  constitutes  the  minerals  realgar^  or 
ruby  sulphur^  As^Sf ;  and  orpiment^  AS2S3.  In  combination  with 
metals,  as  arsenides,  it  occurs  widely  distributed,  the  commonest 
ores  being  arsenical  irony  FeAs^  and  FefAsj ;  kupfemickel^  NiAs 
and  NiAss  ;  and  tin  white  cobalt^  CoAs^.  With  metals  and  sulphur, 
it  is  met  with  in  such  minerals  as  arsenical  pyrites^  mispickely 
or  white  mundiCy  FeS^FeAs^ ;  cobalt  glance^  CoSjyCoAss ;  nickel 
glance^  NiS^  NiAs^  Arsenic  is  present  in  small  quantities  in  most 
samples  of  iron  pyrites,  hence  it  finds  its  way  into  sulphuric  acid 
manufactured  from  pyrites.  It  also  occurs  in  coal  smoke,  being 
derived  from  the  pyrites  contained  in  coal,  and  hence  is  present  in 
the  atmosphere :  during  the  prevalence  of  yellow  fogs  the  amount 
of  arsenic  present  is  very  appreciable. 

Modes  of  Formation. — On  the  small  scale,  arsenic  is  obtained 

by  heating  a  mixture  of  arsenious  oxide,  As^O^,  with  powdered 

charcoal — 

As40e  +  6C  »  6C0  +  4As. 

On  a  larger  scale  it  is  usually  obtained  either  from  native  arsenic 
or  from  arsenical  pyrites ;  the  latter  substance,  when  heated,  gives 
up  arsenic,  and  ferrous  sulphide  is  left  behind — 

FeSs,FeAs,  »  2As  +  2FeS. 

The  mineral  is  heated  in  long  narrow  horizontal  earthenware 
retorts,  into  whose  mouths  are  fitted  earthenware  receivers.  The 
arsenic  volatilises,  and  condenses  in  these  receivers  as  a  compact 
crystalline  solid.    It  is  purified  by  redistillation. 

Properties.— Arsenic  which  has  been  resublimed,  is  a  brilliant 
steel-grey  metallic-looking  substance,  forming  hexagonal  rhombo- 
bedral  crystals,  having  a  specific  gravity  of  5.62  to  5.96.  It  is  very 
brittle,  and  is  a  good  conductor  of  heat  and  electricity.  Arsenic 
begins  to  volatilise  at  100*,  and  rapidly  vaporises  at  a  dark- 
r^4..hcAt,  passing  from  the  solid  to  the  vaporous  states  without 
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liquefying.  The  vapour  has  a  yellow  colour  and  an  unpleasant 
garlic  smell.  When  heated  under  pressure,  arsenic  melts  at  500*, 
and  on  cooling,  solidifies  to  a  compact  crystalline  mass.  When 
arsenic  is  vaporised  in  a  glass  tube,  in  a  current  of  hydrogen,  it 
condenses  along  the  tube  in  three  distinct  conditions :  that  which 
is  deposited  nearest  to  the  heated  portion  of  the  tube  is  in  the  fonn 
of  rhombohedral  crystals ;  that  which  sublimes  a  little  &rther 
along,  and  condenses  at  a  point  where  the  temperature  is  aboat 
210-220^  consists  of  a  black  shining  amorphous  deposit,  while  at  a 
still  more  distant  and  cooler  portion  of  the  tube,  a  grey  crystalline 
sublimate  is  formed.  These  are  regarded  as  allotropic  modifica- 
tions of  arsenic  The  amorphous  variety  is  also  formed,  when 
arsenuretted  hydrogen  is  decomposed  by  being  passed  through  a 
heated  tube  iq.v,).  Amorphous  arsenic  is  unacted  upon  by  air  at 
ordinary  temperatures,  and  only  slightly  oxidised  at  80*.  The  grey 
crystalline  variety  is  readily  oxidised  on  exposure  to  air  at  ordinary 
temperatures. 

Amorphous  arsenic,  when  heated  out  of  contact  with  air  to  360', 
is  converted  into  the  rhombohedral  variety. 

Arsenic,  like  phosphorus,  forms  tetratomic  molecules,  its  molecular 
weight  as  deduced  from  its  vapour  density  being  74.9  x  4  =  299.6. 

When  hc.ited  in  oxygen,  arsenic  burns  with  a  bright  bluish-white 
flame,  forming  arsenious  oxide,  As40fl.  It  is  oxidised  by  sulphuric 
acid,  nitric  acid,  and  other  oxidising  agents.  It  combines  readily 
with  chlorine,  and  when  thrown  into  this  gas  in  the  condition  of 
powder  it  spontaneously  inflames,  forming  arsenic  trichloride. 
Thrown  into  bromine,  a  fragment  of  arsenic  spontaneously  in- 
flames, and  burns  as  it  floats  about  upon  the  surface  of  the  liquid. 

Arsenic,  in  many  of  its  characteristics,  resembles  the  true  metals : 
it  is  one  of  those  elements  lying  on  the  borderland  between  true 
metals  and  non-metals,  to  which  the  name  metalloid  is  applied.  It 
is  capable  of  forming  alloys  with  metals,  and  an  alloy  of  this 
element  with  lead,  is  employed  for  the  manufacture  of  shot  It  is 
found  that  by  the  addition  of  a  small  proportion  of  arsenic  to  lead, 
the  melted  metal  is  more  fluid,  and  therefore  more  readily  assumes 
the  spheroidal  form  when  projected  from  the  shot  tower^  and  on 
solidification  the  alloy  is  considerably  harder  than  pure  lead. 
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ABSENUBETTBD  H7DB00EN  (Arsenic  trihydride,    ArtineY 
Fonnula,  AsH^    Molecular  weight  =  77.9.    Density  =  38.95. 

Modes  of  FomiatiOIL— (i.)  Arsenuretted  hydrogen  is  formed 
when  solaUe  arsenic  compounds  are  exposed  to  the  action  of 
nascent  hydrogen :  thus,  when  a  solution  of  arsenious  oxide  is 
introduced  into  a  mixture  from  which  hydrogen  is  being  generated, 
such  as  zinc  or  iron  and  dilute  hydrochloric  or  sulphuric  acid, 
arsenic  trihydride  is  obtained,  mixed  with  free  hydrogen — 

As^Oe  +  12H,  =  4AsHs  +  6H,0. 

(2.)  By  the  same  action  of  nascent  hydrogen,  arsenic  trihydride 
is  formed  when  a  solution  of  either  arsenious  oxide,  As^Oq,  or 
arsenic  oxide,  Pisfi^  is  subjected  to  electrolysis. 

(3.)  Arsenic  trihydride  is  also  formed,  when  arsenical  compounds 
are  in  contact  with  organic  matter  which  is  undergoing  decom- 
position. During  the  growth  of  certain  moulds  and  fungi  a  small 
quantity  of  hydrogen  is  evolved,  which  by  its  action  upon  the 
arsenic  compound,  gives  rise  to  the  formation  of  arsenic  trihydride. 
By  this  action  arsenic  trihydride  is  sometimes  formed  in  dwelling- 
houses  where  arsenical  wall-papers  are  employed,  and  where,  from 
dampness  or  other  causes,  mould  develops. 

(4.)  Pure  arsenic  trihydride  is  prepared  by  the  action  of  dilute 
hydrochloric  or  sulphuric  acid  upon  an  alloy  of  arsenic  and  rinc — 

As^ns  +  3H,S04  =  2AsH8  +  SZuSO^, 

or  by  the  action  of  either  water  or  dilute  acid  upon  an  alloy  of 
arsenic  and  soditun,  prepared  by  heating  sodium  in  the  impure 
arsenic  trihydride  obtain^  by  method  No.  i. 

PropOFtles. — Arsenic  trihydride  is  a  colourless,  offensive-smell- 
ing, and  highly  poisonous  gas.  Under  pressure  it  condenses  to  a 
colourless  liquid,  which  boils  at  -$4.8*  and  solidifies  at  -II3.$^ 
The  gas  bums  with  a  lilac-coloured  flame,  forming  water  and  white 
fumes  of  arsenious  oxide — 

4ASH3  -f  6O2  =  As^Oj  -f  6H,0. 

When  the  supply  of  air  to  the  flame  is  \\n\\ltd,  2t^  "^V^tv  ^  C5^\^ 
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surface  is  depressed  upon  it,  water  is  formed  and  arsenic  is  deposited 
as  a  shining  black  amorphous  film — 

4A8H,  +  30s  »  AS4  +  6HsO. 

Arsenuretted  hydrogen  is  readily  decomposed  by  heat  into  its 
elements  :  thus,  when  the  gas  is  passed  through  a  glass  tube,  whidi 
is  heated  at  one  point  by  a  Bunsen  flame,  arsenic  in  the  anun^ 
phous  condition  is  deposited  upon  the  tube  immediately  beyond 
the  heated  spot  Even  when  greatly  diluted  with  hydrogen  this 
reaction  takes  place,  and  it  therefore  affords  a  delicate  test  for  the 
presence  of  exceedingly  small  quantities  of  arsenic.  This  method 
for  the  detection  of  arsenical  compounds  is  known  as  MarsXs  iesL, 
and  may  be  carried  out  by  means  of  the  apparatus  seen  in  Fig. 
121.    H  ydrogen  is  generated  in  the  two-necked  bottle  from  zinc  and 

dilute  sulphuric  add  (whidi 
are  themselves  free  from 
arsenic),  and  the  arsenic  in 
the  form  of  an  oxygen  or  a 
haloid  compound  is  intro- 
duced. On  igniting  the 
issuing  gas,  and  depres- 
sing a  white  porcelain  cap- 
sule into  the  flame,  black 
stains  of  amorphous  arsenic 
are  produced  ;  and  if  the  tube  be  heated  as  shown  in  the  figure, 
the  arsenic  is  deposited  as  a  black  film.  The  corresponding  anti- 
mony compound,  SbHj  {q.v,\  gives  rise  to  a  similar  deposit  of 
metallic  antimony,  when  treated  in  the  same  way  ;  but  the  arsenic 
deposit  is  readily  distinguished  by  being  easily  soluble  in  a  solu- 
tion of  calcium  hypochlorite.  Many  metals,  such  as  sodium,  or 
potassium,  when  heated  in  arsenuretted  hydrogen,  form  alloys 
with  the  arsenic,  and  hydrogen  is  set  at  liberty ;  while  metallic 
oxides  when  similarly  treated  form  metallic  arsenides  and  water. 

Arsenuretted  hydrogen  is  slightly  soluble  in  water,  but  the  solu- 
tion on  exposure  to  air  deposits  arsenic 

When  passed  into  a  solution  of  silver  nitrate,  metallic  silver  is 
precipitated,  and  a  solution  of  arsenious  oxide  (the  hypothetical 
arsenious  acid,  H3ASO3)  is  obtained,  thus — 


Fig.  121. 


AsHa  +  GA&NO^  +  3H»0  =  SAg,  +  6HNO,  +  H^sO» 
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When  the  gas  is  passed  into  copper  sulphate  solution,  cuprous 
arsenide  is  precipitated — 

SAsH,  +  3CUSO4  »  3H2SO4  +  AsjCu,. 

Arsenuretted  hydrogen  is  decomposed  hy  the  halogens  with 
eneigy,  forming  the  haloid  compound  of  arsenic,  and  the  halogen 
add — 

AsHj  +  3C1,  -  AsClj  +  3HC1. 

UUd  Ai— nnrettad  hydrogen. — ^Wben  arsenide  of  potassium  or  sodium  is 
MSed  apoa  by  water,  a  soft  brown  solid  substance  separates,  which  contains 
•qjod  atomic  proportions  of  arsenic  and  hydrogen.  Its  molecular  weight  is 
I,  its  composition  is  therefore  expressed  by  the  formula,  (AsH)^ 


COMPOUNDS  OF  ARSENIC  WITH  THE  HALOOENS. 
The  following  compounds  are  known — 

AsFj;    AsCls;    AsBr,;    Asl^. 

Two  other  compounds  with  iodine  have  been  described,  contain- 
ing the  elements  in  the  proportion  represented  by  the  formuhi-, 
Aslf  and  As^l^  the  molecular  weights  of  which  are  unknown. 

Anenle  Fluoride,  AsF,  ;  molecular  weight  =»  1 3 1.9,  is  formed 
when  sodium  fluoride  is  heated  with  arsenic  chloride — 

3NaF  +  AsCls  =  3NaCl  +  AsF,. 

It  is  best  obtained  by  distilling  a  mixture  of  arsenious  oxide, 
powdered  fluor  spar,  and  sulphuric  acid  in  a  leaden  retort  The 
hydrofluoric  acid  generated  by  the  action  of  the  acid  upon  the 
calcium  fluoride,  reacts  upon  the  arsenious  oxide,  thus — 

As^Oe  +  12HF  =  4AsFs  +  6H3O. 

Properties. — Arsenic  fluoride  is  a  colourless  fuming  liquid, 
boiling  at  6a4*.  It  is  rapidly  decomposed  by  water  into  arsenious 
oxide  and  hydrofluoric  acid.  On  this  account  it  forms  painful 
wounds  when  brought  into  contact  with  the  skin. 

Arsenle  Chloride*  AsClj;  molecular  weight  =  1 8 1. IT,  is  ob- 
tained when  arsenic  bums  in  chlorine,  or  when  chlorine  is  passed, 
over  firagments  of  arsenic  in  4.  tube... 
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It  is  also  produced  when  either  arsenic  or  arsenious  sulphide  is 
distilled  with  mercuric  chIorid< 


2As  +  6HgCls  »  3Hg,Cl,  +  SAsQ,. 
AsjSj  +  3HgCl,  =  3HgS      +  SAsCl,. 

It  is  readily  prepared  by  the  action  of  hydrochloric  acid  upon 
arsenious  oxide;  for  which  purpose  sodium  chloride,  arsenioos 
oxide,  and  sulphuric  acid  are  gently  heated  together  in  a  retort 
connected  with  a  well-cooled  receiver— 

As40«  +  12HC1  -  4AsCls  +  6H,0. 

Properties. — Arsenic  chloride  is  a  colourless,  fuming,  and  sooK' 
what  oily  liquid,  which  boils  at  I3a2°,  and  is  extremely  poisonooi 
In  the  presence  of  excess  of  water,  or  when  added  to  warm  water, 
it  is  decomposed  into  arsenious  oxide  and  hydrochloric  acid 
With  a  small  quantity  of  water  a  solid  crystalline  arsenic  chlor- 
hydroxide  is  formed,  As(H0)2Cl — 

AsCls  +  2H2O  =  2HC1  +  As(H0)2Cl. 

Arsenious  Bromide,  AsBr^. — This  compound  is  formed  by  the  direct  union 
of  arsenic  with  bromine,  and  is  prepared  by  adding  powdered  arsenic  to  a 
solution  of  bromine  in  carbon  disulphide.  On  evaporation,  the  oompound  is 
deposited  in  the  form  of  colourless  deliquescent  crystals,  which  melt  at  ao~  to 
25"  to  a  straw-coloured  liquid. 

AmenloUB  Iodide,  ASI3,  is  obtained  by  heating  a  mixture  of  arsenic  and 
iodine.  It  is  most  conveniently  prepared  by  digesting  a  saturated  ethereal 
solution  of  iodine,  with  powdered  arsenic,  in  a  flask  with  a  reflux  condenser. 
On  filtering  and  cooling,  the  iodide  deposits  in  the  form  of  lustrous  red  hexa- 
gonal crystals. 


OXIDES  AND  OXYACIDS  OF  ARSENIC. 

Two  oxides  of  arsenic  are  known,  both  of  which  act  as  anhy- 
drides— 

Arsenious  oxide  As40^ 

Arsenic  oxide  (arsenic  penloxide)  .        .     AsjO^. 

No  acid  corresponding  to  arsenious  oxide  is  known  in  the  finee 
state,  although  the  arsewxies  coivsutute  a  class  of  stable  salts. 


( 
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Tliree  arsenic  adds,  derived  from  arsenic  pentoxide,  are  known, 
analogous  in  constitution  to  the  three  phosphoric  acids,  namely — 


Ortho-araenic  add 
Pyro-arsenic  add . 
Metarsenic  acid    . 


H^O,orAsO(HOV 
H,As^,  or  AsjO^HO).. 
HAsO,  or  AsO^HOX 


AUSnOTIS  OZIOB. 

Fonnula,  ASjOf.  Molecular  migfil  =  395.3& 
Moda  of  FormatlOll. — Arsenious  oxide  is  formed  when  arsenic 
bums  in  air  or  in  oxygen,  or  when  arsenic  minerals  are  roasted  in 
a  current  of  air.  On  a  small  scale  it  may  be  produced  by  burning 
arsenic  in  a  hard  ghus  tube  in  a  stream  of  oxygen,  and  allowing 
the  white  fiimes  of  aisctitous  oxide  to  pass  into  a  glass  cylinder  (as 


shown  in  Fig.  122),  where  the  greater  part  condenses,  while  the  rest 
is  led  into  a  draught  flue. 

Arsenious  oxide  is  obtained  as  a  secondary  product,  in  the 
metallurgical  process  of  roasting  arsenical  ores  of  nickel,  cobalt, 
tin,  silver,  and  others,  for  the  extraction  of  these  metals.  It 
is  also  obtained  as  a  principal  product  by  roasting  arsenical 
pyrites.  The  ore  is  heated  either  upon  the  hearth  of  a  rever- 
beratory  fiimacc,  where  it  is  raked  over  from  time  to  time,  or 
it  is  introduced  by  means  of  a  hopper,  into  one  end  of  a  long  clay- 
lined  iron  cyhnder,  placed  at  an  indine  of  about  1  in  18,  and  caused 
slowly  to  revolve  about  its  longitudinal  axis,  Fig.  123.  The  lower 
end  of  this  cylinder  enters  a  furnace,  the  upper  end  is  connected  to 
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a  series  of  bridcwork  flues.  The  ore  is  delivered  into  the  npptt 
end  of  the  revolving  cylinder, 
and  as  it  gradually  giavitaus 
down  the  iodine,  it  is  com- 
pletely roasted  by  the  fiinua 
flames  which  pass  over  it,  inj 
finally  &lls  out  into  a  chamber 
beneath  The  fumtis  of  aneu- 
out  oxide  pass  through  a  seiiei 
of  chambera  or  ftue^  so  ai- 
ranged  as  to  present  an  exten- 
sive condensing  suiAtce  to  the 
gases,  and  the  crude  product, 
known  as  arstnieai  lovt,  is  fivn 
time  to  time  collected.  Tlui 
IS  known  as  Ozland  and  Hock- 
ing's revolving  calancr. 

PropOFttes.— Amenioui 

oxide,  known  familiarly  as'u.'Mili 

urstnic,   or    simply    arztnic,  ii 

'   known  in  three  modificatioiu— 

(i  )  Amorphous. 

(2)  Octahedral  crystalsoTibc 

regular  system. 
(3.)  Pnsmatic  crystals  of  ibc 


Amorphous  Arirmous  OziJi 
IS  a  colourless,  transparent,  vit- 
reous substance,  which  is  ob- 
tained when  the  vapour  of  the 
oxide  IS  condensed  at  a  tem- 
perature only  slightly  below  m 
\  iponsing  point  On  exposure. 
It  gradually  becomes  opaque, 
being  transformed  into  the  regu- 
lar oclahedral  \  anety.  Thii 
change  takes  place  from  the 
outside,  and  lumps  of  opaque 
"while  arsenic,"  when  broken, 
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:iften  show  a  nucleus  of  the  vitreous  modification.  Amorphous 
arsenious  oxide  may  be  preserved  unchanged  in  sealed  tubes. 
The  change  from  the  vitreous  to  the  crystalline  form  is  attended 
vith  evolution  of  heat,  and  a  diminution  of  specific  gravity  from 
3.738  to  3.6S9. 

Amorphous  arsenious  oxide,  when  heated  to  about  200**,  melts, 
ind  at  a  higher  temperature  vaporises.  It  is  soluble  in  108  parts 
of  cold  water. 

Odakedral  Arsemtms  Oxidi, — ^The  vitreous  form  passes  spon- 
taneously into  this  variety.  It  is  obtained  di reedy,  by  quickly 
cooling  the  vapour  of  arsenious  oxide,  or  by  crystallisation  from 
the  aqueous  solution  of  either  form  of  the  oxide.  Arsenious  oxide 
is  also  deposited  in  this  form  from  solution  in  hydrochloric  acid. 

Octahedral  arsenious  oxide  is  less  soluble  in  water  than  the  amor- 
phous variety,  i  part  requiring  3^5  parts  of  water  for  its  solution. 
When  heated,  the  crystals  vaporise  without  fusion,  but  when  heated 
under  pressure  they  melt,  and  are  converted  into  the  vitreous  form. 
Prismatic  Arsenious  Oxide  is  obtained  by  crystallisation  from  a 
hot  saturated  solution  of  arsenious  oxide  in  potassium  hydroxide. 

Aqueous  solutions  of  arsenious  oxide  possess  a  feeble  acid  re- 
action,  probahly  due  to  the  formation  of  unstable  arsenious  acid, 
H^AsOu.  The  acid  has  not  been  isolated,  and  on  concentration 
the  somtion  deposits  crystals  of  arsenious  oxide. 

Arsenious  oxide  is  a  powerful  poison  :  from  2  to  4  grains  usually 
prove  fotaL  It  is  possible,  however,  by  the  habitual  use  of  it,  to 
90  accustom  the  system  to  this  poison,  that  doses  sufficiently  large 
to  cause  certain  death  to  one  unused  to  it,  may  be  taken  with 
apparent  impunity.  The  use  of  arsenic  is  said  to  beautify  the 
comfdeidon,  and  to  improve  the  wind  The  men  who  arc  em- 
ployed upon  arsenic  works,  are  constantly  liable  to  swallow  doses 
of  arsenious  oxide  which  would  cause  death  to  one  unaccustomed 
to  the  occupation. 

Anenites. — Three  classes  of  arsenites  are  known,  which  may 
be  regarded  as  being  derived  from  the  three  hypothetical  acids — 

(Silver  ortho-arsenite,  AgjAsOj. 
H yd  rogen     copper  ^ 
arsenite(Scheele'slHCuAsO^ 
green),  J 

i  Calcium  pyro-arsenite,Ca3As.jOv 
Barium  pyro-arsenite,  Ba^SnOs. 
Ammonium     I^nHJaZ^ 
pyro-arseiv\ie« )  •" 
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(Potassium  meuraenite,  KAsCV 
^*^P^^™  }  KAsO»HAi(V 
Lead  inetaraenite,  Pb(AsO|)s. 

The  pigment  known  as  Schweinfurt  green^  b  a  double  metar- 
senite  and  acetate  of  copper — 

3Cu(As0^ji,Cu(C,H,0^ 

All  arsenites,  except  those  of  the  alkali  metals,  are  insoluble  in 
water.  When  heated,  most  arsenites  are  converted  into  arsemi/^ 
and  arsenic  ;  and  when  heated  with  charcoal  the  whole  of  the 
arsenic  is  reduced. 

Arsenic  Pentoxide,  As^Of.— This  oxide  is  not  formed  when 
arsenic  bums  in  oxygen.  It  is  obtained  by  the  oxidation  of  arseni- 
ous  oxide  by  nitric  acid,  and  subsequently  heating  the  arsenic  add 
so  produced,  to  a  dark-red  heat — 

2H3ASO4  =  SHjO  +  AsjOft. 

Properties. — Arsenic  pentoxide  is  a  white  deliquescent  solid, 
completely  soluble  in  water,  with  the  formation  of  arsenic  acid 

When  strongly  heated  it  breaks  up  into  arsenious  oxide  and 
oxygen — 

2AS2O6  «  As40fl  +  20,. 


ARSENIC  ACIDS  AND  ARSENATES. 

When  arsenic  pentoxide  is  dissolved  in  water,  crystals  are  ob- 
tained having  the  composition  2AsO(HO)3,H20.  At  loo*  these 
melt  and  lose  water,  leaving  ortho-arsenic  acid,  H3ASO4.  By  the 
withdrawal  of  water  from  this  acid,  both  pyro-  and  metarsenic  acids 
are  obtained. 

Heated  between  140"  and  180",  two  molecules  of  the  "ortho" 
acid  lose  one  of  water — 

2HsAs04  =  H4AS2O7  -I-  HjO. 

And  by  heating  the  pyro-arsenic  acid  so  obtained  to  200%  another 
molecule  of  water  is  expelled,  with  the  formation  of  metarsenic  add 
{compare  corresponding  acids  of  phosphorus) — 

H4AS2O7  «  2HASO3  +  H,0. 

Pyro-  and  metarsenic  acids  are  both  crystalline   solids,  whidi 
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>solve  in  water  with  the  evolution  of  heat  and  formation  of  ortho- 

senic  acid ;   aqueous  solutions  of  these  two  acids,  therefore, 

nnot  exist     In  this  respect  they  differ  from  the  corresponding 

losphorus  acids,  both  of  which  can  be  obtained  in  aqueous 

lution. 

Each  of  the  three  arsenic  acids  forms  salts,  of  which  the  following 

e  examples : — 

Trisodium  ortho-arsenate      .  Na3As04. 

Hydrogen  disodium  ortho-arsenate  HNa2As04. 

Dihydrogen  sodium  ortho-arsenate  H2NaAs04. 

Anmionium  magnesium  ortho-arsenate .  (N  H4)MgAs04. 

Sodiiun  pyro-arsenate    ....  Na4Ass07. 

Sodium  metarsenate      ....  NaAs03. 

The  salts  of  pyro-  and  metarsenic  acids,  like  the  acids  them- 

Ives,  only  exist  in  the  solid  state  ;  when  dissolved  in  water  they 

Lss  into  the  ortho-compounds. 

The  arsenates  are  isomorphous  with  the  corresponding  phos- 

lates. 

COMPOUNDS  OF  ARSENIC  WITH  SULPHUR, 

Three  sulphides  of  arsenic  are  known,  namely — 

Arsenic  disulphide  {found  native  as  Realgar)  As^S^. 

Arsenic  trisulphide  {found  native  as  Orpiment)         As^Sj. 
Arsenic  pentasulphide    ......    As^S^. 

Arsenie  Disulphide,  As^S,,  is  formed  when  sulphur  and  arsenic, 
*  arsenic  trisulphide  and  arsenic,  arc  heated  together;  or  by 
^ting  arsenious  oxide  and  sulphur — 

As40fl  +  7S  =  2AS2S2  +  aSOj. 

It  is  prepared  on  a  large  scale  by  distilling  a  mixture  of  iron 
/rites  and  arsenical  pyrites— 

FeSjjFeAsj  +  2FeS,  =  AsaSg  +  4FeS. 

Properties. — Arsenic  disulphide  is  a  red,  vitreous,  brittle  solid, 
aving  a  specific  gravity  of  3.5.  It  is  readily  fusible,  and  sublimes 
achanged.  Heated  in  air  or  oxygen,  it  burns  with  a  blue  flame, 
inning  arsenious  oxide  and  sulphur  dioxide — 

2A%S,  +  70;,  =  4S0a  -h  As40^ 
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Arsenic  disulphide  is  employed  in  pyrotechny.  So-called  Bengtl 
fire  consists  of  a  mixture  of  realgar,  sulphur,  and  nitre. 

Arsenic  Trisulphide,  As^S,,  is  obtained  by  heating  sulphur 
and  arsenic  in  the  proportion  required  by  the  formula,  and  sublim- 
ing the  compound. 

It  may  readily  be  produced  by  passing  sulphuretted  hydrogen 
through  a  solution  of  arsenious  oxide  in  hydrochloric  add — 

As40fl  +  6H,S  =  SAsjSs  +  CHjO. 

Properties. — The  compound,  as  obtained  by  precipitation  with 
sulphuretted  hydrogen,  is  a  pure  canary-yellow  solid,  which  easily 
melts,  and  on  again  cooling  forms  a  brittle  crystalline  mass.  It 
volatilises  and  sublimes  unchanged,  but  when  heated  in  air  or 
oxygen  it  burns  with  formation  of  arsenious  oxide  and  sulphur 
dioxide. 

Arsenic  trisulphide  may  be  regarded  as  a  thio-anhydride,  as  it  gives  rise  to 
a  series  of  salts  known  as  ihio-arsenites,  or  sulpharseniUs.  Thus,  when  arsenic 
trisulphide  is  brought  into  a  solution  of  a  caustic  alkali,  such  as  p)otassiani 
hydroxide,  the  sulphide  readily  dissolves  with  the  formation  of  an  arsenite  aod 
thioarsenite,  thus — 

AS0S3  +  4KHO  =  HKjAsOa  +  HKaAsSg  +  H2O. 

Upon  the  addition  of  an  acid,  the  salts  are  deooraposed  and  arsenic  tri- 
sulphide reprecipitated — 

HKaAsOj  +  HKjAsSs  +  4HC1  =  4KC1  +  3H,0  +  AsjS,. 

TMo-anenltdB. — These  salts  may  be  looked  upon  as  being  derived  from 
three  hypothetical  thio-arsenious  acids,  corresponding  to  the  oxyadds — 

Ortho-thio-arsenious  acid,  HjAsSs-      Potassium  ortho-lhio-arsenile,  KyAsSj. 

C  Ammonium  pyro  -  Ihio  -  arsenite, 
Pyro-thio-arsenious  acid,  H4AS2S5.  -j      (NH4)4AsoS5. 

\  Lead  pyro-thio-arsenite,  Pb^AsjOi. 
Meta-thio-arsenious  acid,  HAsSj.        Potassium  meta-thio-arseoite,  KAsSj. 

Thio-arsenites  of  the  alkali  metals,  the  metals  of  the  alkaline  earths,  and  of 
magnesium,  are  soluble  in  water,  but  dccomp>ose  on  boiling.  Their  solutions 
are  decomposed  by  adds,  with  evolution  of  sulphuretted  hydrogen  and  pre- 
cipitation of  arsenic  trisulphide,  thus — 

2K3ASS8  +  OHCl  =  6KC1  +  3Hj,S  +  AsgS^ 

Arsenic  Pentasulphide,  AsoSg.— This  compound  is  prepared  by 
adding  an  acid  to  a  solution  of  a  thio-arsenate,  thus — 

2Na3AsS4  +  ()HC1  =  6NaCl  +  3HjS  +  AsjS,, 
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Arsenic  pentasulphide  is  a  yellow,  easily  fusible  solid.  It  is 
readily  soluble  in  caustic  alkalies,  forming  an  arsenate  and  a  thio- 
arsenate — 

As^5  +  4KHO  =  HK^sO^  +  KKjAsS*  +  H2O. 

Arsenic  pentasulphide,  like  the  trisulphide,  gives  rise  to  a  series  of  salts, 
known  as  thio-arsenates.  These  may  be  regarded  as  btmg  derived  from  the 
three  hjrpothetical  thio-arsenic  adds — 

{Tripotassium  ortho-thio-arsenate,  KsAsS4. 
Hydrogen  disodium  ortho-thio-arsenate, 
HNaaAsS4. 
Pyro-thio-arsenicacid,H4AssS7.    Magnesium  pyro-thio-arsenate,  MgjAs^. 
Meta-thio-arsenic  acid,  HASS3.    Ammonium  meta-thio-arsenate,(NH4)AsS3. 


ANTIMONY. 

Ssrmbol,  Sb.    Atomic  weight  =  119. 6. 

Ocenrrenee. — Antimony  in  the  uncombined  state  is  found  in 
small  quantities  in  various  parts  of  the  world,  and  notably  in 
Borneo.  In  combination  with  oxygen,  as  SbjOs,  it  constitutes 
the  mineral  antimony  bloonty  or  white  antimony;  and  as  Sbs04  it 
occurs  in  antimony  ochre.  In  combination  with  sulphur,  as  Sb^Ss, 
it  occurs  as  the  mineral  stibnite^  or  grey  antimony  ore,  which  is  the 
most  important  source  of  the  metal ;  and  with  both  oxygen  and 
sulphur,  as  SbaOs^SSbaSs,  it  constitutes  the  mineral  antimony  blende, 
or  red  antimony. 

It  also  occurs  in  combination  with  sulphur  and  with  metals,  in 
the  form  of  thio-antimonites. 

Modes  of  Formation.^ I.)  Antimony  is  obtained  from  the 
native  sulphide  by  one  of  the  two  following  methods.  The 
broken-up  ore  is  heated  in  plimibago  crucibles,  along  with  scrap 
iron.  As  the  mass  melts,  the  sulphur  combines  with  the  iron, 
forming  a  slag  of  iron  sulphide,  and  the  liberated  antimony  settles 
out  beneath — 

SbjSs  -I-  3Fe  =  2Sb  -I-  3FeS 

(2.)  The  crude  sulphide  is  first  liquated,  or  melted  in  such  a 
manner  as  to  separate  the  sulphide  from  the  rocky  matter  associated 
with  it  The  liquated  sulphide  is  then  mixed  with  about  half  its 
weight  of  charcoal,  in  order  to  prevent  the  mass  from  caking,  and 
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carefully  roasted.  During  this  process,  the  antimoiiy  sulphide  b 
partially  converted  into  antimony  trioxide  (Sb^Os)^  which  passes 
into  flues,  and  is  there  condensed,  leaving  a  mixture  contaiiuDg 
antimony  tetroxide  (SbaO«),  and  unchanged  sulphide.  Most  d 
the  arsenic  present  is  also  oxidised,  and  volatilises  with  the  anti- 
mony trioxide,  while  sulphur  dioxide  escapes.  The  residue,  con- 
sisting of  the  tetroxide  and  sulphide  (known  as  antimony  ash),  is 
mixed  with  an  additional  quantity  of  charcoal  and  with  so(Uum 
carbonate,  and  heated  to  redness  in  a  crucible,  when  the  changes 
represented  by  the  following  equations  take  place — 

(i.)    Sb,04  +  4C  =  4C0  +  2Sbi 

By  the  action  of  the  carbon  upon  the  sodium  carbonate,  sodinm 
is  liberated,  which  combines  with  the  sulphur  of  the  trisulphide^ 
forming  sodium  sulphide  and  metallic  antimony — 

(2.)    Na^COs  +  2C  =  3C0  +  2Na. 
(3.)    SbjSj  +  3Naj  =  SNaaS  +  2Sb. 

The  sodium  sulphide  in  its  turn  unites  with  a  further  quantity  of 
antimony  sulphide,  forming  a  double  sulphide  of  sodium  and  anti- 
mony, which,  mixed  with  the  sodium  carbonate  and  charcoal, 
constitutes  the  slag.  The  metal  obtained  by  either  process  is 
subsequently  refined. 

Properties.— Antimony  is  a  bright,  highly  crystalline,  and  vcr>' 
brittle  metal,  possessing  a  bluish-white  colour,  and  having  a  specific 
gravity  of  6.7  to  6.8.  It  is  unacted  upon  by  air  or  oxygen  at  the 
ordinary  temperature,  but  when  heated  it  bums  brilliantly,  forming 
antimony  trioxide.  The  metal  melts  at  450" ;  and  when  alIo¥ired  to 
solidify,  its  crystalline  character  is  seen  by  the  fern-like  appearance 
of  its  surface.  If  a  quantity  of  the  molten  metal  be  allowed  slowly 
to  cool,  and  when  partially  solidified  the  remaining  liquid  pordon 
be  poured  off,  the  interior  of  the  mass  is  found  to  be  lined  with 
well-formed  rhombohedral  crystals,  isomorphous  with  arsenic  In 
the  act  of  solidification  antimony  expands,  a  property  which  it 
imparts  to  its  alloys,  thus  giving  to  them  the  valuable  quality  of 
taking  very  fine  and  sharp  castings.  The  most  important  of  these 
alloys  are  type  metal  (lead  75,  antimony  20,  tin  5)  ;  stereotype  metal 
(lead  1 12,  antimony  18,  tin  3) ;  Britannia  metal  (tin  140,  copper  3, 
antimony  9).  Regarded  as  a  metal,  antimony  is  a  bad  conductor 
of  heat  and  electricity. 

Dilute  sulphuric  and  hydrochloric  acids  are  without  action  upon 
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aniimony,     Tlie  concentrated  acids  convert   it  into  sulpliate   and 
chloride  respectively — 

2Sb  +  6H,S04  =  3S0,  +  6H,0  +  Sb2(S04)8. 

Antimony  is  oxidised  by  nitric  acid,  dilute  acid  converting  it  into 
antimony  trioxide,  or  a  compound  of  the  oxide  with  nitrogen  pent- 
oxide,  SbsOsySNjOf,  while  strong  acid  oxidises  it  chiefly  into  anti- 
mony tetroxide  and  pentoxide. 

Powdered  antimony,  when  thrown  into  chlorine,  takes  fire 
spontaneously,  and  forms  antimony  trichloride. 

Amorphous  Antimony. — Antimony  is  obtained  in  an  amor- 
phous foim,  by  the  electrolysis  of  a  solution  of  tartar  emetic  in 
antimony  trichloride. 

Properties. — Amorphous  antimony  presents  the  appearance  of 
a  smooth  polished  rod  of  graphite,  and  has  a  specific  gravity  of 
5.78.  It  always  contains  a  certain  quantity  of  antimony  trichloride 
(from  4  to  12  per  cent.);  but  whether  this  is  in  chemical  union,  or 
merely  mechanically  retained  by  the  metal,  is  not  known.  Amor- 
phous antimony  is  very  unstable,  and  readily  passes  into  the 
crystalline  modification :  a  slight  blow,  even  a  scratch  with  a 
needle,  causes  it  instantly  to  transform  itself  into  the  stable  form, 
with  explosive  violence ;  the  temperature  at  the  same  moment 
rising  to  250^  and  clouds  of  the  vapour  of  antknony  trichloride 
being  evolved. 


AHTIMONY  HTDBIDE  {.AntimoniuretUd  Hydrogen), 

Symbol,  SbH,. 

Modes  of  Formation. — (i.)  This  compound  has  never  been 
obtained  in  the  pure  state,  as  usually  prepared  it  is  always  mixed 
with  hydrogen.  It  is  formed  when  a  solution  of  antimony  tri- 
chloride in  hydrochloric  acid  is  introduced  into  a  mixture  generating 
hydrogen,  such  as  zinc  and  sulphuric  acid. 

(2.)  It  is  also  found  by  the  action  of  dilute  sulphuric  acid  upon 
alloys  of  antimony  and  zinc — 

SbjZnj  +  SHjSOi  =  3ZnS04  +  SSbHy 

Properties* — Antimony  hydride  is  a  colourless,  offensive-smell- 
ing, and  poisonous  gas,  closely  resembling  the  corresponding 


454  Inorganic  Chemistry 

arsenic  compound  in  its  general  behaviour.    It  bams  with  a  violet- 
tinted  flame,  forming  water  and  antimony  triozide — 

4SbH3  +  60j  =  6H,0  +  Sb40^ 

When  the  supply  of  air  is  limited,  water  is  fbimed  and  antimony 
is  deposited ;  when,  therefore,  a  cold  object  is  depressed  upon  the 
flame,  black  stains  of  metallic  antimony  are  obtmned.  The  gas  is 
easily  decomposed  by  heat,  and  if  passed  through  a  glass  tube 
heated  at  one  point,  a  black  deposit  of  antimony  is  formed  upon 
the  glass.  The  antimony  so  deposited  is  insoluble  in  a  solution  o( 
bleaching  powder  (see  Arsenic  Hydride).  Antimony  hydride  is 
decomposed  by  the  halogen  elements,  with  the  formation  of  the 
halogen  hydride,  and  the  halogen  compound  of  antimony— 

SbHs  +  SClj  =  3HC1  +Sba^ 

Sulphuretted  hydrogen,  under  the  influence  of  sunshine,  convens 
antimony  hydride  into  antimony  trisulphide — 

2SbH3  +  SHjS  =  SbjSs  +  6H,. 

When  passed  into  silver  nitrate  solution,  the  antimony  is  preci- 
pitated in  combination  with  silver,  in  this  way  differing  from  the 
arsenic  analogue — 

SbH,  +  SAgNOj  =  3HNO3  +  SbAgg. 


COMPOUNDS  OF  ANTIMONY  WITH  THE  HALOGENS. 

The  compounds  represented  by  the  following  formulae  are 
known — 

SbFj;   SbCls;   SbBrj :  Sblj. 
SbFj;   SbCIfi. 

Antimony  Trlfluorlde,  SbFg,  is  prepared  by  dissolving  the  trioxide  in 
aqueous  hydrofluoric  acid.  From  the  concentrated  solution  it  is  deposited  ir. 
the  form  of  white  deliquescent  crystals.  It  dissolves  in  water,  and  is  graduaOv 
converted  into  an  oxyfluoride. 

Antimony  Pentafluorlde,  SbEg,  is  obtained  when  hydrated  antimony  pent- 
oxide  is  dissolved  in  aqueous  hydrofluoric  acid.  When  the  solution  is  evapo- 
rated the  compound  remains  as  an  amorphous  gum-like?  residue. 
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Both  of  these  fluorides  exhibit  s  great  tendency  to  unite  with  alkaline 
fluorides,  forming  double  salts,  such  as  SbF„2KF ;  SbFj|2NH4F,  in  the  case 
of  the  trifluoride ;  and  SbFs.KF ;  SbFB,2KF,  with  the  pentafluoride. 

Antimony  Triehlorlde,  SbCls,  is  formed  when  chlorine  is 
passed  over  metallic  antimony,  or  antimony  trisulphide — 

2Sb  +  3C1,  =  2SbClj. 
2Sb^s  +'9a,  =  4SbCl8  +  3SjCl,. 

It  may  also  be  obtained  by  the  action  of  boiling  hydrochloric 
acid,  containing  a  small  quantity  of  nitric  acid,  upon  either  metallic 
antimony,  antimony  trioxide,  or  trisulphide — 

SbjSj  +  6HC1  -  2SbCls  +  3H,S. 

Properties. — Antimony  trichloride  is  a  colourless,  deliquescent, 
crystalline  substance,  melting  at  73.2**  to  an  oily  liquid,  which 
again  solidifies  to  a  soft  translucent  mass.  It  is  soluble  in  alcohol 
and  in  carbon  disulphide,  and  from  the  latter  may  be  crystallised. 
It  may  be  dissolved  in  a  small  quantity  of  water  unchanged.  Thus, 
if  allowed  to  deliquesce  it  liquefies  in  the  water  it  absorbs,  forming 
a  colourless  solution,  which,  upon  evaporation  over  sulphuric  acid, 
again  deposits  crystals  of  the  trichloride.  The  addition  of  larger 
quantities  of  water  results  in  the  formation  of  oxychlorides  * — 

(I.)      SbCls  +    H,0  =    2HC1  +  SbOCL 
(2.)    4SbCl8  +  6H,0  =  lOHCl  +  Sb405Cl,. 

Continued  boiling  with  water  removes  the  whole  of  the  chlorine, 
forming  the  trioxide — 

Sb^OftCl,  +  HjO  =  2HC1  +  Sb^O,. 

Antimony  chloride  unites  with  alkaline  chlorides,  forming  double  salts  (see 
Antimony  fluoride),  such  as  SbCI,.2NH4Cl ;  SbCls.3KCL  With  potassium 
bromide  it  forms  the  compound  SbCl3,3KBr,  which,  strangely  enough,  appears 
to  be  identical  with  the  double  compound  of  antimony  tribromide  with 
potassium  chloride,  SbBr(,SKCL 

Antimony  Pentaehloride,  SbCl^,  is  obtained  by  passing  excess 
of  dry  chlorine  over  metallic  antimony,  or  antimony  trichloride,  in 

*  The  mixed  product  obtained  by  the  action  of  water  upon  antimony  tri- 
chloride is  known  9Spcwder  cf  Aigarotk. 


456  Inorganic  Chtmtstry 

a  retort,  when  antimony  pentachloride  distils  over  in  the  eioess  of 
chlorine— 

SbClj  +  CI,  -  Sba^ 

PFOperties. — Antimony  pentachloride  is  a  nearly  colouriess, 
strongly -fuming  liquid.  It  solidifies,  when  cooled,  to  a  mass  of 
colourless  crystals,  which  remelt  at  —  6^  Under  the  ordinary 
atmospheric  pressure  the  pentachloride*  dissociates,  when  heated, 
into  the  trichloride  and  chlorine,  but  under  reduced  pressure  it 
may  be  boiled  and  distilled.  Thus,  under  a  pressure  of  22  mm.  it 
boils  at  79^ 

By  the  regulated  action  of  ice  cold  water,  oxydilorides  are 
formed — 

(I.)       SbClft  +  H,0  =  SbOa,  +  2HCL 
(2.)    SbOCl,  +  H,0  =  SbOjCl  +  2HCL 

Antimony  pentachloride,  and  also  the  oxychlorides,  are  con- 
verted by  hot  water  into  pyro-antimonic  acid  (analogous  to  pyro- 
arsenic  and  pyro-phosphoric  acids) — 

2SbCl5  +  THjO  =  H4Sb,0r  +  lOHCl. 
2SbO,Cl  +  3H2O  =  H^SbjOr  +  2HCL 

Sulphuretted  hydrogen  (the  sulphur  analogue  of  water)  acts 
upon  antimony  pentachloride,  forming  antimony  sulphotrichloride, 
corresponding  to  the  oxytrichloride — 

SbClfi  +  HjS  =  SbSClg  +  2HC1. 

Antimony  tribromide.  SbBrs,  and  antimony  tri-iodide,  Sblj,  are  obtained  by 
adding  powdered  antimony  to  solutions  of  the  halogens  in  carbon  disulphide, 
from  which  liquid  the  compounds  are  crystallised :  the  bromide  as  colourksi 
deliquescent  crystals,  and  the  iodide  as  hexagonal  niby-red  crystals.  Both  ol 
these  compounds  are  similarly  acted  upon  by  water,  forming  the  oxybromides 
SbOBr ;  Sb^OftBra,  and  the  oxyiodides  SbOI ;  Sb405lt. 


OXIDES  AND  OXY ACIDS  OF  ANTIMONY. 
Three  oxides  of  antimony  are  known — 

Antimony  trioxide  (antimonious  oxide)  .     (SbjOs),  or  Sb4O0. 
Antimony  tetroxide         ....     SbjOi. 
Antimony  pentoxide        ....     SbjOs. 
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No  acids  are  known  corresponding  to  the  trioxide,  although  a  sodium  salt 
of  the  hypothetical  metantimonious  add,  HSbO^,  has  been  described,  having 
the  composition  NaSbO^.  3H^. 

Three  adds  are  known  derived  from  antimony  pentoxide,  which 
are  analagous  to  the  three  arsenic  and  phosphoric  acids — 

Orthoantimonic  acid       ....     HsSb04. 

Pyroantimonic  add H^SbgOr. 

Metantimonic  add HSbOs. 

Antimony  Trioxide,  Sb4O0,  may  be  prepared  by  the  addition  of 
hot  water  to  a  solution  of  either  antimony  trichloride  or  antimony 
sulphate,  and  washing  the  predpitated  oxide  with  a  solution  of 
sodium  carbonate  to  remove  the  free  acid — 

4Sba8  +  12H,0  =  2Sb40e  +  12HCL 

PropOFties. — Antimonious  oxide  is  a  white  powder,  which, 
when  volatilised,  condenses  in  two  distinct  forms,  namely,  pris- 
matic crystals  of  the  trimetric  system,  and  regular  octahedra.  The 
former  are  deposited  nearest  to  the  heated  material,  the  latter  in 
more  remote  and  cooler  regions.  (See  Arsentous  Oxide^  with 
which  antimonious  oxide  is  isodimorphous.)  Antimonious  oxide 
is  only  very  slightly  soluble  in  water,  and  the  solution  is  without 
action  upon  litmus.  It  is  insoluble  in  nitric  or  sulphuric  acid,  but 
b  dissolved  by  hydrochloric  add  with  formation  of  the  trichloride. 
It  is  readily  soluble  in  tartaric  add,  and  in  a  boiling  solution 
of  hydrogen  potassium  tartrate  {cream  of  tartar\  giving  rise  to 
potassitmd  antimony  tartrate,  or  tartar  emetic — 

4HK(C4H40e)  +  Sb*©,  =  4(SbO)K(C4H40e)  +  2H,0. 

Antimonious  oxide  bums  in  the  air,  forming  the  tetroxide — 

(SbjOj)^  +  Oj  =  2Sb,04. 

Antimony  Tetroxide,  Sb204,  is  formed  when  the  trioxide  burns 
in  air.  It  may  be  prepared  by  strongly  heating  antimony  pent- 
oxide — 

2Sb,05  =  2Sb204  +  Oj 

Properties.— Antimony  tetroxide  is  a  white  non-volatile  powder, 
which  is  insoluble  in  water.    It  is  decomposed  by  boiling  hydrogen 
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potassium  tartrate,  forming  tartar  emetic  and  metantimonic  add, 
thus — 

HK(C4H40e)  +  Sb,04  -  (SbO)K(C4H40,)  +  HSbO» 

Antimony  PentOXlde,  Sb^Os,  is  obtained  by  oxidising  metallic 
antimony  with  nitric  add,  and  heating  the  antimonic  add  so 
obtained  to  a  temperature  not  exceeding  275*. 

Properties. — Antimony  pentoxide  is  a  straw-coloured  powder, 
insoluble  in  water.  When  heated  to  500%  it  gives  up  oxygen  and 
is  converted  into  the  tetroxide.  Its  feeble  addic  character  is  seen 
by  its  formation  of  an  alkaline  metantimonate,  when  fused  with  an 
alkaline  carbonate — 

SbjOft  +  Na^COj  =  CO,  +  2NaSbO,. 

Antlmonle  Aelds  and  Antiminiatei.— None  of  the  three  antimoBic  scidi 

can  be  obtained  by  the  action  of  water  upon  the  oxide.  I^rro-antinioaic  acid 
is  formed  when  antimony  pcntachloride  is  treated  with  hot  water,  and  the 
precipitate  dried  at  100* — 

2PCI5  +  7HjO  =  H^SbjOy  +  lOHCX 

Pyro-antimonic  add  readily  passes,  by  loss  of  water,  into  metantimonic 
acid — 

H4Sb,07  -  HgO  =  2HSbO,. 

Metantimonic  acid  is  also  formed  by  oxidising  metallic  antimony  by  metos 
of  nitric  add — 

2Sb  +  4HNO,  =  2HSbOs  +  NO,  +  8NO  +  H^. 

or  by  the  decomposition  of  an  aqueous  solution  of  a  metantimonate  hf  means 
of  nitric  add — 

KSbOj  +  HNO,  =  KNOj  +  HSbO,. 

On  allowing  the  precipitated  metantimonic  add  to  remain  far  a  long  tinif 
in  contact  with  water,  it  is  converted  into  ortho-antimonic  add,  H^bO^— 

HSbO,  +  HjO  =  H,Sb04. 

No  salts  of  ortho-antimonic  acid,  H|Sb04,  ^^^  known ;  the  antimonates, 
therefore,  belong  to  the  two  acids,  pyro-antimonic  acid  and  metantimonic  add- 

Pyro-antimonates.*  Metantimonates.* 

Normal  potassium  pyro-anti-  Potassium  metantimonate,  KSbO}. 

monate.  K4Sb207. 
Hydrogen    potassium    pyro-  Barium  metantimonate,  Ba(SbO^ 

anti monate,  HgKsSt^O;. 


*  As  only  two  types  of  antimonates  are  known,  and  as  the  salts  of  the  type. 
MSbOg,  are  the  best  known,  the  name  antimonaies  was  formerly  applied  to 


Antimony  Pentasulphide 


459 


COMPOUNDS  OF  ANTIMONY  WITH  SULPHUR, 
'wo  sulphides  of  antimony  are  known,  namely — 

Antimony  trisulphide      ....     Sb^Ss. 
Antimony  pentasulphide  Sb^S^. 

Lntimony  TriSlllplllde,  Sb^Sj. — This  compound  occurs  native 
the  mineral  stibmtey  or  grey  antimony  ore.  It  is  prepared  by 
ting  a  mixture  of  powdered  antimony  and  sulphur  (in  propor- 
I  required  by  the  formula)  beneath  a  layer  of  fused  sodiiun 
3ride  in  a  crucible.  It  is  also  formed  when  sulphuretted  hydro- 
i  is  passed  through  a  solution  of  antimony  trichloride,  or  a 
ition  of  tartar  emetic — 

2SbCl3  +  3H,S  =  SbjSj  +  6HC1. 

^perties. — ^Antimony  trisulphide  as  it  occurs  native,  and  as 
ained  by  the  direct  union  of  antimony  and  sulphur,  is  a  grey- 
ck  crystalline  substance ;  as  prepared  by  precipitation  with 
3huretted  hydrogen,  and  subsequently  drying  at  200°,  it  is  a 
:k-red  amorphous  powder,  which  when  melted  and  slowly 
•led,  solidifies  in  the  crystalline  form.  Antimony  sulphide  sub- 
es  unchanged  when  heated  in  an  inert  gas,  but  when  heated  in 
sulphur  dioxide  is  evolved,  and  antimonious  oxide  and  tetroxide 
formed.  Heated  with  hydrochloric  acid,  it  evolves  sulphuretted 
Irogen,  and  forms  antimony  trichloride — 

SbjSs  +  eHfl  =  2SbCl3  +  3H,S. 

kntimony  Pentasulphide,  Sb2S^  is  obtained  when  antimony 
itachloride  is  mixed  with  water,  and  sulphuretted  hydrogen 
scd  through  the  liquid — 

2SbCl5  +  SHjS  =  SbjSg  +  lOHCl, 
2Sb02Cl  +  5H2S  =  SbjS^  +  4HjO  +  2HC1. 


n.  and  the  term  metantimonates  was  given  to  the  salts  belonging  to  the 
;r  class.  It  is  better,  however,  to  adopt  the  same  system  of  nomenclature 
the  antimony  compounds,  as  that  which  is  in  use  for  the  similarly  constituted 
snic  and  phosphorus  compounds — 


Phosphates. 

Arsenates. 

Antimonates. 

Ortbo 

.     M,P04 

M,As04 

•  •  • 

Pyro 

.     M4P2O; 

M4AS2O7 

M^SbjO; 

Meta 

.     MPOg 

MAsO, 

MSbO, 
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Properties. —Antimony  pentasulphide  is  a  dark,  onmge-rei 
powder,  which  on  being  heated,  is  decomposed  into  the  tiisalphide 
and  free  sulphur. 

Both  of  these  antimony  sulphides  may  be  regarded  as  thio^mhydrides,  Ari 
although  no  thio-adds  derived  from  them  are  known,  salts  have  faeoi  prodoorfi 
which  may  be  viewed  as  derivatives  of  hypothetical  thio-adds.    When  llrj 
trisulphide  is  either  fused  with  caustic  potash,  or  boiled  in  an  aqueous  sdnlio^ 
potassium  thio-antimonite  is  formed — 

2Sb^  +  4KHO  =  SKSbS,  +  KSbO,  +  2H/>. 

Similarly,  when  antimony  pentasulphide  is  dissolved  in  potassium  hydraiidE; 
a  mixture  of  antimonate  and  thio-antimonate  is  obtained — 

4Sb^  +  24KHO  =  6K^bS4  +  SK^b04  +  12H,0. 

The  following  sue  illustrations  of  the  thio-salts  of  antimony- 


Sulphide. 
SbaSs 

SbaSs 


Hypothetical 
Adds. 


Salts. 


/(Ortho)  HjSbS^ 
\  (Meta)  HSbSj. 
l(Pyro)  H^SbjS,. 


Potassium  thio-antimonite.  K^Sb6|. 
Silver  thio-antimonite,  AgbbSf^ 
Lead  thio-antimonite,  Pb^b^ 
/  Potassium  thio-antimonate,  K^SbS^^ 
/Ortkr^x  M  QKQ       J  Sodium  thio-antimonate  ) .,    _.  _ 

^  Barium  thio-antimonate,  Bag(Sfa64)}i 


Only  ortho-thio-antimona/Sef  are  known. 


BISmUTH. 


Sjrmbol,  Bi.    Atomic  wdght  =  207.5. 

Occurrence. — Bismuth  occurs  most  commonly  in  the  uncom- 
bined  condition.  It  is  met  with  in  combination  with  oxygen,  as 
BijOs,  i"  bismuth  ochre;  and  in  combination  with  sulphur,  as 
BigSj,  in  bismuth  glance. 

Mode  of  Formation. — Bismuth  is  principally  obtained  from 
the  native  metal,  and  from  ores  with  which  metallic  bismuth  is 
associated.  The  broken-up  ore  is  liquated  by  being  heated  in 
inclined  iron  pipes,  when  the  bismuth  readily  melts  and  drains 
away.  • 

Pure  bismuth  can  be  prepared  from  the  crude  metal  thus  oh* 
tainedy  by  first  dissolving  it  in  nitric  acid,  forming  bismuth  nitrate, 
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^(NOa),,  and  then  precipitating  the  basic  nitrate  by  the  addition 
of  water — 

Bi(N08)8  +  2H,0  =  (BiO)NOs,H20  +  2HNOs. 

The  basic  nitrate  is  next  dried,  and  heated  in  a  crucible  with 
diarcoal ;  the  salt  is  first  converted  into  the  trioxide  by  the  action 
of  heat,  and  the  oxide  is  reduced  then  by  the  carbon — 

2(BiO)NOs,H20  =  BijOa  +  N2O4  +  O  +  2H2O. 
BigOs  +  3C  =  3CO  +  Bi. 

Properties, — Bismuth  is  a  lustrous  white  metal  with  a  faint 
reddish  tinge.  It  melts  at  268. 3^  If  the  molten  metal  be  allowed 
to  cool  until  partially  solidified,  and  the  remaining  liquid  be  then 
poured  ofi^  obtuse  rhombohedral  crystals,  closely  approaching  to 
the  cube,  are  obtained. 

The  specific  gravity  of  bismuth  is  9.823  ;  it  is  extremely  brittle, 
and  a  poor  conductor  of  electricity.  Bismuth  is  unacted  upon  by 
dry  air  at  ordinary  temperatures ;  moist  air  tarnishes  its  surface. 
Heated  in  air,  or  oxygen,  it  bums,  forming  the  trioxide.  It  is  only 
slightly  attacked  by  hydrochloric  acid,  but  is  converted  by  hot 
sulphuric  acid  into  a  basic  sulphate. 

Bismuth  readily  forms  alloys  with  other  metals,  and  imparts  to 
them  the  useful  properties  of  ready  fusibility  and  hardness.  The 
alloys  known  by  the  general  name  o{  fusible  tnetal  contain  bismuth  ; 
thus,  WoocPs  fusible  tnetal^  which  melts  at  65°,  consists  of  4  parts 
of  bismuth,  2  of  lead,  i  of  tin,  and  i  of  cadmium. 


COMPOUNDS  OF  BISMUTH  WITH  THE  HALOGENS. 

Compounds  represented  by  the  following  formulae  are  known— 

BiFg  BiCl,  BiBrj  Bil,. 

—  (BiCl^a         (BiBra),?  — 

Bismuth  Triehlorlde,  BiClj,  may  be  prepared,  by  passing  dry 
chlorine  over  powdered  bismuth  gently  heated  in  a  retort.  A 
yellow  liquid  is  first  formed,  after  which  the  stream  of  chlorine  is 
stopped  and  the  liquid  distilled,  when  the  trichloride  sublimes  in 
the  form  of  crystals.  It  may  also  be  obtained  by  distilling  a  mix- 
ture of  powdered  bismuth  and  mercuric  chloride — 

Bi  +  6HgClj  =  SHggClj  +  2BiCl8. 
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Properties. — Bismuth  trichloride  is  a  white,  extremely  deli- 
quescent, crystalline  compound.  Heated  in  an  atmosphere  oi 
chlorine,  it  melts  to  a  yellow  liquid.  It  is  decomposed  by  water 
with  the  precipitation  of  bismuth  oxychloride — 

BiClj  +  H,0  =  2HC1  +  BiOCL 

Bismuth  Diehloride,  (BiCls)^)  is  obtained  by  the  proloiiged 
heating  of  mercurous  chloride  and  finely  powdered  bismuth  to  330* 
in  a  sealed  tube.  The  mixture  melts,  and  mercury  collects  at 
the  bottom,  and  on  cooling,  the  dichloride  solidifies  as  a  blad;, 
extremely  deliquescent  solid  upon  the  surface  of  the  mercnry. 
When  heated  above  300°,  the  dichloride  is  resolved  into  the  tii- 
chloride  and  metallic  bismuth.  The  molecular  weight  of  die 
compound  is  unknown. 

Bismuth  nrlbroxnlde,  BiBr,,  is  prepared  by  gradually  adding  bromine  to 
powdered  bismuth,  and  slightly  warming  the  mixture  for  some  time.  The 
bromide  sublimes  in  the  form  of  golden  yellow,  deliquescent  crystals,  whkfa 
are  decomposed  by  water,  forming  oxybromido,  BiOBr. 

Bismuth  Tri-iodide,  Bilj,  is  prepared  by  subliming  a  mixture  of  iodine  and 
bismuth.  The  sublimate  is  afterwards  finely  powdered  and  again  sublimed, 
and  the  product  finally  distilled  in  a  stream  of  carbon  dioxide,  when  it  farms 
dark  grey  crystals,  with  a  bright  metallic  lustre.  Boiling  water  decomposes 
the  compound,  with  formation  of  bismuth  oxyiodide,  BiOI. 


COMPOUNDS  OF  BISMUTH  WITH  OXYGEN, 
Four  oxides  of  bismuth  are  known,  namely — 

Bismuth  dioxide  {Hypobismuthous  oxide)  .  .     Bi-^O^. 
„        trioxide  (B/smu/Aous  oxide)  BijOj. 

„        tetroxide  {^Hypobismuthic  oxide)  .  BijOi. 

„        pentoxide  {Bismuthic  oxide)  .     BigO^,. 

None  of  these  compounds  is  an  acid-forming  oxide,  although, 
with  the  exception  of  the  first,  they  all  form  hydrated  oxides. 
These  hydrated  oxides  have  no  acidic  properties,  and  no  salts 
have  been  obtained  in  which  the  acidic  portion  of  the  molecule 
consists  of  bismuth  and  oxygen.  All  the  four  oxides,  when  acicii 
upon  by  acids,  yield  the  same  series  of  salts,  in  which  the  bismuili 
fulfils  the  functions  of  a  trivalent  element,  replacing  three  atoms  01 
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l^ydrogen.     In  the  case  of  the  dioxide,  metallic  bismuth  is  de- 
posited, thus — 

3BijO,  +  6HjS04  =  2Bi8(S04)8  +  2Bi  +  6H,0. 

^MThile  with  the  higher  oxides  oxygen  is  evolved — 

BijOj  +  6HNO,  =  2Bi(N08)8  +  20  +  3H,0. 

Bismuth  trioxide  is  the  most  stable  and  the  most  important  of 
the  oxides ;  when  heated  in  ^r,  the  remaining  three  compounds 
are  converted  into  the  trioxide  ;  the  dioxide  by  oxidation,  and  the 
tetroxide  and  pentoxide  by  loss  of  oxygen.  The  trioxide  alone  is 
unchanged  on  being  heated  in  air  or  oxygen. 

Bismuth  Dioxide,  BijOji. — ^Tbis  oxide  is  prepared  by  adding  a  mixed  solu- 
tion of  bismuth  tridiloride  and  stannous  chloride  to  an  excess  of  a  10  per  cent. 
sohition  of  caustic  potash,  air  being  excluded :  potassiimi  stannate  is  formed, 
and  bismuth  dioxide  is  precipitated — 

SnCI,  +  2BiCl,  +  lOKHO  =  BiaOa  +  8KC1  +  KaSnOj  +  SHjO. 

FropertlM. — ^The  precipitated  compound,  after  being  washed  in  dilute 
caustic  potash,  and  dried  in  vacuo,  is  obtained  as  a  black  crystalline  powder. 
When  heated  in  air  it  smoulders,  uniting  with  oxygen  to  form  the  trioxide. 
When  moist  it  oxidises  spontaneously — 

BijOa  +  O  =  BijO,. 

Bismuth  Trioxide,  BijOg,  is  formed  when  the  metal  is  burnt  in 
air  or  oxygen.  It  may  also  be  obtained  by  heating  the  hydrated 
oxides,  the  carbonate,  or  basic  nitrate,  thus — 

BijOsjHgO  =  BijOj  +  H2O. 

BigOsjCO,  =  BijOj  +  COj. 

2(BiO)N08,H,0  =»  BijOs  +  N2O4  +  O  +  2H,0. 

Properties. — Bismuth  trioxide  is  a  cream-coloured  powder, 
insoluble  in  and  unacted  upon  by  water,  and  is  the  only  oxide  oif 
bismuth  which  is  unchanged  when  heated  in  the  air  or  in  oxygen. 
It  dissolves  in  acids,  forming  salts  of  bismuth — 

BijOa  +  6HNO3  =  SHjO  +  2Bi(N03)a. 
Bi,0,  +  3H,S04  =  3H2O  +  Bij(S04)s. 

With  small  quantities  of  hydrochloric  acid  it  first  forms  bismuth 
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oxychloride,  BiOCl,  which  dissolves  in  additional  add,  yiddiqi 
the  trichloride — 

BigOs    +  2HC1  «=  HjO  +  2BiOCL 
BiOCl  +  2HC1  =  H,0  +  BiCl,. 

None  of  these  compounds  is  soluble  in  water  without  the  prescooe 
of  excess  of  the  acid.  Water  alone  converts  them  into  insohibk 
basic  salts,  and  free  acid,  which  in  the  state  of  extreme  dihitioi 
is  unable  to  exert  any  solvent  action.  Thus,  in  the  case  of  the 
nitrate,  when  water  is  added,  this  compound  is  decomposed  into  Ae 
basic  nitrate  and  free  nitric  acid — 

Bi(NOs)8  +  2H80  =  (BiO)NOftH,0  +  2HNO,. 

Bismuth  trioxide  forms  three  hydrates,  represented  by  Ae 
formulae — 

BiaOs^HjO  Bi203,2H20  BiaO^SHjO 

These  hydrates  have  no  acid  properties,  and  are  incapable  of 
combining  with  bases  to  form  salts,  but  themselves  play  the  pan 
of  a  base,  uniting  with  acids  to  form  bismuth  salts. 

The  trihydrate  is  obtained,  by  pouring  an  acid  solution  of  bis- 
muth nitrate  into  an  excess  of  strong  aqueous  ammonia — 

2Bi(N03)3  +  6NH3H2O  =  GNH^CNOs)  +  Bi20a,3HjO. 

Heated  to  100°,  it  is  converted  by  loss  of  water  into  the  mono- 
hydrate — 

BigOsjaHaO  =  Bi,Os,H,0  +  2HaO. 

Bismuth  Tetroxide,  BijOf,  is  formed  by  the  action  of  potassium 
hypochlorite  upon  the  trioxide,  the  product  being  dried  at  180*— 

BijOa  +  KCIO  =  Bi804  +  KCl. 

Properties. — Bismuth  tetroxide  is  a  brownish -yellow  powder, 
which  readily  parts  with  an  atom  of  oxygen,  and  passes  into  the 
trioxide. 

Bismuth  Pentoxide,  BigO^  is  prepared  by  passing  chlorine 
into  a  neariy  boiling  solution  of  caustic  potash,  in  which  is  sus- 
pended a  quantity  of  bismuth  trioxide — 

BijOg  +  4KHO  +  2C1,  =  4KC1  +  HgO  +  Bij06,H,0. 
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Properties. — Bismuth  pentoxide  is  a  red  powder,  which  is 
readily  deoxidised  into  the  tetroxide  and  trioxide  by  heat  It  com- 
bines with  water,  forming  the  hydrate  ^xfif^^jd^  but  with  excess 
of  water  it  is  gradually  deoxidised  into  hydrates  of  the  tetroxide  or 
trioxide. 

Bismuth  pentoxide  is  reduced,  with  evolution  of  oxygen,  by  both 
nitric  and  sulphuric  acids — 

BijOj  +  3H8SO4  =  BiaCSO^),  +  3HjO  +  Of 

With  hydrochloric  acid  it  behaves  in  the  usual  manner  of 
peroxides,  causing  the  evolution  of  chlorine — 

BijOj  +  lOHCl  =  2BiCl8  +  6HjO  +  Cl^ 

Bismath  Trisulphide,  Bi^Ss. — This  compound  is  the  only  com- 
pound of  bismuth  with  sulphur  that  is  known  with  certainty.  It 
occurs  native  as  the  mineral  bismuth  glance. 

It  is  precipitated  when  sulphuretted  hydrogen  is  passed  into  a 
solution  of  a  bismuth  salt — 

2Bi(NOs)8  +  3HjS  =  BijS,  +  eHNOj. 

It  is  also  obtained  by  heating  together  the  requisite  proportions 
of  bismuth  and  sulphur. 

Properties. — As  obtained  by  precipitation,  bismuth  sulphide  is 
a  dark  brown,  almost  black  powder ;  the  native  sulphide  forms 
steel-grey  lustrous  crystals. 

It  is  decomposed,  when  strongly  heated,  into  its  constituent 
elements.  Bismuth  sulphide  differs  from  the  corresponding  anti- 
mony and  arsenic  compound,  in  not  being  dissolved  by  alkaline 
hydrates  or  sulphides. 
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CHAPTER  IV 


THE  ELEMENTS  OP  GROUP  I.  (PAMILY  A.) 

This  famWy  comprises  the  following  Bi^re  elements,  known  as  tiie 
alkali  metals — 

Atooiic  Wdglita.                   Meldnc-poiMSi 
Lithium  (Li)    ....      7.0X x8o* 


Sodium  (Na)   . 
Potassium  (K) 
RuHdium  (Rb) 
Caesium  (Cs)  . 


aa.99 

39.03 
85.9 

X3a.7 


9Sfi* 


The  most  important,  and  the  most  abundant  of  these  elements, 
are  potassium  and  sodium,  which  also  were  the  first  to  be  dis- 
covered, having  been  isolated  by  Davy  in  the  year  1807.  The 
element  lithium,  although  widely  distributed  in  nature,  is  for  the 
most  part  found  only  in  minute  quantities :  the  element  was  first 
isolated  by  Bunsen  in  the  year  1855.  The  two  remaining  elements 
are  still  rarer  substances,  usually  met  with  in  very  minute  quantities 
accompanying  sodium  and  potassium.  Both  of  these  elements 
were  discovered  by  Bunsen  by  means  of  the  spectroscope — caesium 
in  i860,  and  rubidium  in  the  following  year. 

All  these  elements  are  soft,  silvery-white  metals,  which  may  be 
readily  cut  with  a  knife,  and  which  rapidly  tarnish  in  the  air. 
They  all  decompose  water  at  the  ordinary  temperature.  The 
members  of  this  family  exhibit  that  gradation  in  properties  which 
is  met  with  in  all  similar  families.  Thus,  their  melting-points 
gradually  decrease  as  their  atomic  weights  rise,  as  will  be  seen 
from  the  figures  given  above.  Their  chemical  activity  also  steadily 
increases  as  we  pass  from  lithium  to  caesium.  Thus,  in  the  case 
of  their  behaviour  in  contact  with  water  ;  potassium,  when  thrown 
upon  cold  water,  decomposes  that  liquid  with  sufficient  energy  to 
cause  the  ignition  of  the  hydrogen  which  is  evolved :  sodium  under 
the  same  conditions  melts  and  floats  about  upon  the  surface,  but 
the  action  is  not  sufficiently  energetic  to  effect  the  inflammation  of 
the  gas,  unless  the  water  be  previously  heated  ;  while  with  lithium, 

even  with  boiling  water,  the  temperature  produced  by  the  reaction 
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»  not  rise  to  the  ignition-point  of  hydrogen.  The  same  is  also 
n  in  the  spontaneous  oxidation  of  these  elements  when  they  are 
K>sed  to  the  air.  Thus,  lithium  when  cut  with  a  knife,  although 
s  soon  covered  with  a  film  of  oxide,  nevertheless  retains  its 
g^ht  metallic  surface  for  some  seconds  :  sodium  tarnishes  so 
ch  more  quickly,  that  the  film  of  oxide  appears  almost  to  follow 

knife.    When  potassium  is  cut,  the  bright  surface  can  scarcely 
seen,  so  rapid  is  the  oxidation,  and  if  left  exposed,  a  fragment  of 

metal  soon  begins  to  melt  by  the  heat  of  its  own  oxidation,  and 
[juently  spontaneously  ignites.  With  rubidiiun  and  caesium  the 
dation  is  even  more  rapid,  and  a  fragment  of  these  metals  freely 
>osed  to  the  ^r  very  rapidly  takes  fire  spontaneously, 
rhe  electro-positive  character  of  these  elements  gradually  in- 
ases  from  lithium  to  caesium,  which  is  the  most  electro-positive 
dl  the  known  elements. 

rhe  term  alkali^  applied  to  metals  of  this  ^Eunily,  was  originally 
$d  (before  any  distinction  was  made  between  potash  and  soda)  to 
lote  the  salt  obtained  by  treating  the  ashes  of  plants  with  water, 
ter  on,  in  order  to  distinguish  between  this  substance  and  what 
:ame  known  as  the  volatile  alkali  (i.e.,  ammonium  carbonate), 
was  termed  the  Jlxed  alkali.  The  first  distinction  between 
tash  and  soda,  was  based  upon  the  erroneous  belief  that  the 
mer  was  entirely  of  vegetable  origin,  while  the  latter  was  only 
be  found  in  the  mineral  kingdom  :  hence  the  names  vegetable 
*.aU  and  minercU  alkali  were  used  to  denote  these  two  sub- 
nces,  both  of  which  were  regarded  as  elementary  bodies  until 
>7,  when  Davy  showed  that  they  contained  the  two  metals, 
tassium  and  sodium. 

rhe  resemblance  between  the  different  members  of  this  family, 
i  between  their  compounds,  is  very  close  ;  so  much  so,  that  in  the 
ie  of  sodium,  potassium,  rubidium,  and  caesium,  there  are  scarcely 
f  ordinary  chemical  reactions  by  which  they  can  be  distinguished, 
ley  are  all  readily  identified,  however,  by  means  of  the  spectro- 
)pe.  When  a  minute  quantity  of  a  lithium  salt  is  introduced 
Dn  a  loop  of  platinum  wire,  into  the  non-luminous  Bunsen  flame, 
i  latter  is  tinged  a  brilliant  crimson  red  colour :  a  potassium  salt 
lilaiiy  treated,  colours  the  flame  a  delicate  lilac,  while  a  sodiiun 
npound  gives  a  brilliant  daffodil -yellow  colour.  The  colour 
parted  to  a  flame  by  rubidium  and  caesium  salts,  is  indistinguish- 
le  by  the  eye  from  that  given  by  potassium  compounds ;  and, 
ireover,  when  any  of  these  are  mixed  with  a  sodium  salt,  the 
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intense  yellow  emitted  by  the  latter,  completely  masks  tbe  coknn 
given  by  the  others.  By  means  of  the  spectroscope,  not  onlyaR 
the  apparently  similar  colours  given  by  potassium,  rubidium,  vA 
caesium  readily  distinguished,  but  the  presence  of  any  or  all  ik 
them  is  easily  detected,  even  when  admixed  with  soditmi  sain 
Spectrum  analysis  is  based  upon  the  fact,  that  ligfat  of  difleml 
colours  has  different  degrees  of  refrangibility,  and  therelbic  whoi 
passed  through  a  prism,  the  different  coloured  rays  are  bent  (Nt 
of  their  straight  couise  at  different  angles.    Ordinu;  idiite  Ugb 


Fig.  134- 

is  composed  of  rays  of  all  degrees  of  refrangibility,  <>.,  rays  of  all 
colours  :  hence,  when  a  beam  of  such  light  is  passed  through  \ 
prism,  the  various  coloured  rays  are  separated,  and  become  spread 
out  in  the  order  of  their  refrangibility,  from  the  least  refrangible  red 
at  the  one  extreme,  to  the  deop  violet  at  the  other  This  familiar 
"rainbow  "coloured  band  of  light  is  termed  \\itC0Htimtoui  sptctmm. 
A  simple  form  of  spectroscope  is  seen  in  Fig.  124.  The  light  is 
caused  to  pass  through  a  narrow  slit  at  the  end  of  the  fixed  tele- 
sciipe  B.     If  the  prism  P  be  removed,  and  the  telescope  A  be 
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moved  round  so  as  to  be  in  a  continuous  line  with  B,  a  magnified 
image  of  the  slit  is  seen  by  the  observer.  When  the  prism  is 
replaced,  and  A  is  moved  into  such  a  position  that  the  bent  rays 
60  opon  its  lens,  the  continuous  spectrum  is  seen,  which  is  an 
infinite  number  of  strips  of  light  (corresponding  to  the  image  of  the 
xfit)  of  all  colours,  arranged  side  by  side.  If  the  light  to  be 
eiamined,  instead  of  being  ordinary  white  light,  were  composed  of 
a]rs  an  of  one  d^^ree  of  infrangibility  (/>.,  monochromatic  light), 
there  would  be  produced  only  a  single  image  of  the  slit,  which 
would  £sd]  in  that  position  corresponding  to  the  particular  degree 
of  refrangibility  of  the  light  Such  a  monochromatic  light  is  pro- 
duced when  a  sodium  salt  is  heated  in  a  Bunsen  flame  ;  if,  there- 
fore, a  salt  of  this  metal  be  introduced  upon  a  loop  of  platinum 
wire  into  the  non-luminous  flame  G,  and  the  light,  after  passing 
through  the  prism,  be  observed  through  A,  instead  of  a  continuous 
spectrum,  there  will  be  seen  a  single  image  of  the  slit,  falling  in 
the  brightest  yellow  part  of  the  spectrum.  When  the  sodium  salt 
is  replaced  by  a  lithium  salt,  it  is  seen  that  two  images  of  the  slit 
are  obtained,  one  in  the  red  and  the  other  in  the  yellow  regions  of 
the  spectrum.  The  light  emitted  from  this  element  consists  of  rays 
of  two  degrees  of  refrangibility.  We  say,  therefore,  that  the 
spectrum  of  soditun  is  one  yellow  linef  and  that  of  lithium  consists 
of  one  red  and  one  yellow  line.  In  order  to  distinguish  the  posi- 
tions of^  for  example,  the  yellow  lithium  line  and  that  given  by 
sodium,  an  image  of  a  graduated  scale,  illuminated  by  the  candle 
flpine  F,  is  also  thrown  into  the  telescope  A. 

If  salts  of  soditun  and  lithium  mixed  together  be  introduced  into 
the  flame  G,  then  three  images  of  the  slit  are  seen,  namely,  the 
yellow  line  given  by  the  sodium,  the  yellow  line  of  the  lithium, 
situated  slightly  nearer  the  red,  and  the  lithium  red  line. 

Potassium,  like  lithium,  gives  a  light  of  two  degrees  of  refrangi- 
bility, forming  consequently  two  images  of  the  slit,  one  in  the 
deep  red  and  the  other  in  the  deep  violet ;  if,  therefore,  lithium, 
sodium,  and  potassium  salts  are  mixed,  and  examined  by  the 
spectroscope,  five  lines  are  seen  (Fig.  125),  namely,  two  red  (one 
bdonging  to  lithium  and  one  to  potassium),  two  yellow  (one 
belonging  to  lithium  and  one  to  sodium),  and  the  violet  line  of 
potassium. 

*  In  reality,  when  examined  by  a  higher  dispersive  power,  the  sodium  line 
is  seen  to  be  a  group  of  lines. 
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When  analysed  in  this  manner,  the  lights  emitted  \tf  rafaidion 
and  caesium  compounds,  are  seen  to  be  totally  diAreui  from  cack 
other,  and  from  potassium.  The  spectrum  of  rubidium  consists  of 
two  promineni  lines  in  the  violet  (nearer  the  blue  r^on  than  thai 
belonging  lo  potassium),  two  brilliant  red  lines  (veiy  near  ihe 
potassium  red  line),  and  a  number  of  less  brilliant  lines  in  the 
orange,  yellow,  and  greeiu  That  of  caesium  (insists  of  two  bril- 
liant blue  lines,  two  bright  red  lines  (near  the  lithium  red  line),  add 
a  number  of  less  prominent  lines  in  the  yellow  and  green.  It  wiD 
be  seen,  therefore,  that  the  three  elements  potassium,  lubidinim 
and  caesium  may  be  at  once  sharply  distinguished  by  this  i^iticil 
method  of  analysis,  although  they  so  closely  resemble  one  anodicr 
in  their  chemical  behaviour,  as  to  render  it  highly  probable  thsl 
the  separate  existence  of  the  two  latter  would  never  have  been  di^ 
covered  by  chemical  methods  alone. 


Indeed,  before  the  discovery  of  c 
mineral  known  as  Pollux  (now  known  t 
mistaken  for  a  polassium  mineral.* 

The  element  lithium,  the  member  of  the  family  that  belongs  lo 
the  Typical  series,  exhibits  certain  characteristic  differences  fnxa 
the  other  members.  This  is  seen  particularly  in  the  case  of  the 
carbonate  and  phosphate  of  this  element.  Lithium  carbonate  is  so 
little  soluble  in  water,  that  it  is  precipitated  by  the  addition  of 
carbonate  of  either  sodium  or  potassium  to  a  solution  of  a  lithium 
compound.  The  phosphates  of  all  the  other  members  are  readilj 
soluble  in  water,  while  lithium  phosphate  is  almost  insoluble,  and 
is  precipitated  from  solutions  of  a  lithium  sail  by  the  phosphates  of 
either  sodium  or  potassium.  In  these  two  compounds,  the  car- 
bonate and  phosphate,  lithium  behaves  more  like  one  of  the  metals 
of  the  alkaline  earths. 

•  The  student  shuuld  consult  spedal  worki  on  ipectnim  analj'sii. 
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AU  the  metals  of  this  &mily  are  monovalent,  and  replace  each 
other,  atom  for  atom,  in  chemical  compounds. 


POTASSmil. 

Symbol  K«    Atomic  weight  =■  39.03. 

Oeeurrenee. — In  combination  this  element  is  widely  distributed 
in  nature.  It  forms  an  essential  constituent  of  many  of  the  com- 
mon silicates,  and  rocks,  which  form  the  earth's  crust.  From 
these  rocks,  by  processes  of  disintegration,  the  potassium  comf 
pounds  find  their  way  into  the  soil,  from  whence  they  are  absorbed 
by  plants,  which  can  only  flourish  in  a  soil  that  contains  com- 
pounds of  potassium.  Most  of  the  potassium  found  in  plants  is 
present  in  combination  with  organic  acids. 

From  the  v^retable  kingdom,  potash  passes  directly  into  the 
bodies  of  animals.  The  material  known  as  suint,  which  is  the 
oily  perspiration  of  the  sheep,  that  accumulates  in,  and  is  extracted 
frooB,  the  wool,  consists  of  the  potassium  salt  of  an  organic  acid 
(sudoric  addX  In  the  form  of  chloride  and  sulphate,  potassium 
is  present  in  sea  water  and  many  mineral  springs.  As  nitrate  it  is 
found  as  a  crystallised  efflorescence  upon  the  soil,  notably  in  Peru 
and  Cluli,  where  it  is  associated  with  sodium  nitrate.  The  largest 
supplies  of  potassium  compounds  are  met  with  in  the  great  saline 
deposits  of  Stassfiirt,  where  the  element  is  found  as  chloride  (KCl) 
in  sylvine^  as  a  double  chloride  of  potassiiun  and  magnesium 
(KCl,MgCl],6H20)  in  carfiallite^  and  as  a  mixed  sulphate  in  kainite 
(K,S04,MgSO^MgC1^6H20). 

Modes  of  Formation.— { I.)  The  method  by  which  Davy  first 
effected  the  isolation  of  potassium  was  by  the  electrolysis  of 
potassium  hydroxide :  the  method  may  be  illustrated  by  the  ex- 
periment represented  in  Fig.  126.  A  small  quantity  of  potassiiun 
hydroxide  is  gently  heated  in  a  platinum  capsule,  which  is  con- 
nected to  the  positive  terminal  of  a  powerful  battery.  A  stout 
platinum  wire,  flattened  out  at  one  end,  is  made  the  negative  pole. 
When  this  is  introduced  into  the  fused  potash,  a  brisk  evolution 
of  gas  takes  place,  and  minute  beads  of  metallic  potassium  make 
their  appearance  in  the  liquid,  and  upon  the  negative  electrode, 
some  of  which  ignite  upon  the  surface.  The  decomposition  takes 
place  according  to  the  equation — 

2KH0  -  Hj  +  Og  +  K,. 
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(2.)  Potassium  may  also  be  obtained  by  allowing  melted  potassium 
hydroxide  to  pass  over  iron  turnings  heated  to  whiteness,  when  the 
magnetic  oxide  of  iron  is  formed — 

4KH0  +  3Fe  =  FejO^  +  2H,  +  2K,. 

This  is  known  as  Gay-Lussac  and  Th^nard's  method. 

(3.)  The  method  devised  by  Brunner,  and  modified  by  Wohlcr, 
Deville,  and  others,  consisted  in  heating  to  whiteness  an  intimate 


Fig.  126. 

mixture  of  potassium  carbonate  and  carbon.  This  mixture  was 
obtained  by  first  igniting  in  a  covered  iron  pot,  crude  tartar  (hydro- 
gen potassium  tartrate,  or  cream  of  tartar),  which  was  thereby 
decomposed  as  indicated  by  the  equation — 

2HKC4H40y  =  K2CO3  +  3C  +  5H2O  +  4CO. 


!  charred  mass  was  then  introduced  into  an  iron  retort  (P, 
27),  and  strongly  heated  in  the  furnace,  when  the  potassium 
oate  was  reduced  by  the  carbon  as  follows — 

K,CO,  +  2C  =  3CO  +  K, 

M>on  as  the  potassium  began  to  be  formed,  which  was  readily 


atned  by  the  green  appearance  of  the  vapour,  seen  on  looking 
the  open  mouth  of  the  retort,  the  condenser  was  attached. 
x)itsisted  of  a  flat,  shallow  iron  tray,  i  (Fig.  1 28),  upon  which 
tted  the  cover  d,  the  two  portions  being  clamped  together, 
ibject  of  this  spedal  form  of 

user  is  to  cool  the  potassium    1 — -  ^^       ^  ^ 

pidly  as  possible,  for  it  is   tis^^ 

that  unless  the  metal  is  \V|8 

ly  cooled,  it  combines  with  '^  

arbon  monoxide,  forming  a 

f  explosive  compound  (be- 

1  to  have  the  composition  ' 

y)i).      By  the  1 

of  condensing  apparatus  Che 

Ltion  of  this 

ed  to  a  mininitun,  but  not  C^^^^ 

Jy  prevented.  — 

A  more  recent  method  by 
I  potassium  (and  sodiiun) 
^ared  on  a  manufacturing  scale,  was  devised  by  Castner 


.und  (be-    / — — ^,^ 

nposition  * ,. 

:  of  this  X=^ 


^ 


Fig.  138. 
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(1886).  In  this  process  potassium  bydroxide  ia  strongly  heated 
with  a  carbide  of  iron,  having-  approximately  the  composition  CF^ 
(This  compound  is  obtained  by  heating  a  mixture  of  [ritdi  ud 
finely  divided  iron.) 

The  potassium  hydroxide,  with  thk  powdered  carbide  of  inm,ii 
introduced  into  lar}>e  egg~shaped  retorts,  one  of  which  is  repre- 
sented in  Fig.  129.  These  retorts  are  placed  upon  hydraulic  lilii, 
so  that  they  can  be  lowered  away  from  thor  covers,  to 


oil.    The 


to  l)c  discharged  at  the  end  of  the  dbtillatioa 
healed  by  ;;aseous  fuel,  and  the  metal,  as  it  distils, 
long  narrow  cast-iron  Condensers,  from  which  it 
pots,  and  is  pnitected  from  oxidation  by  minenl 
which  takes  place  may  be  represented  by  the 
equation — 

6KHO  +  2C  ^  2KX0a  +  HH,  +  K^ 

By  avoiding  any  excess  of  carlran,  no  carbon  monoxide  is  pro- 
dured,  and  hence  there  is  no  formation  of  the  explosive  compound 
of  this  gas  with  potassium. 
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PropOFties. — Potassium  is  a  lustrous,  white  metal,  which  at 
irdinary  temperatures  is  sufficiently  soft  to  be  moulded  between 
he  fingers  ;  at  o*  it  is  brittle,  and  shows  a  crystalline  fracture, 
fhe  metal  is  readily  crystallised  by  melting  a  quantity  of  it  in  a 
acuous  tube,  and  when  it  has  partially  solidified,  pouring  the  still 
iquid  portion  to  the  other  end  of  the  tube.  Potassium  melts  at 
0.5*,  and  when  boiled  gives  an  emerald-green  vapour.  The 
netal  is  rapidly  acted  on  by  ordinary  air,  its  freshly  cut  surface 
lecoming  instantly  covered  with  a  film  of  oxide,  which,  by  absoip- 
ion  of  atmospheric  moisture  and  carbon  dioxide,  passes  first  into 
he  hydroxide  and  finally  into  the  carbonate.  Potassium  is  there- 
:>re  usually  preserved  beneath  naphtha,  or  some  other  liquid 
ievoid  of  oxygen. 

When  potassium  is  volatilised  in  a  vacuous  tube,  the  thin  film  of 
aetal  which  condenses  upon  the  cool  portion  of  the  tub^,  is  seen  to 
ossess  a  rich  violet-blue  colour,  when  viewed  by  transmitted  light 
rhe  density  of  potassium  vapour  is  about  40  (Dewar  and  Scott), 
howing  that  in  the  vaporous  condition  the  molecules  are  mon- 
tomic 

Potassium  dissolves  in  liquefied  ammonia,  forming  a  deep  indigo 
olution  (p.  243).  When  potassium  is  thrown  upon  water,  that 
quid  is  decomposed  with  sufficient  energy  to  cause  the  ignition 
f  the  liberated  hydrogen  (p.  151).  When  heated  in  carbon 
ioxide,  potassium  takes  fire,  forming  potassium  carbonate,  and 
arbon  (p.  267).  Heated  in  carbon  monoxide,  it  forms  the  explosive 
ompound  already  mentioned.  Potassium  takes  fire  spontaneously 
1  contact  with  the  halogens,  forming  the  haloid  compounds  of 
be  metal.    When  heated  in  hydrogen,  it  absorbs  the  gas,  forming 

brittle  lustrous  substance,  which  inflames  spontaneously  in  the 
ir.    This  compound  has  the  composition  K^H^ 

When  heated  in  nitric  oxide,  potassium  bums,  forming  a  mixture 
f  potassium  nitrate  and  nitrite  (Holt  and  Sims). 

Oxides  of  Potassium. — When  potassium  is  heated  in  ordinary 
ir,  it  takes  fire  and  burns,  giving  rise  to  two  oxides,  viz.,  potassium 
lonoxide,  K^O,  and  peroxide,  K2O4.  Perfectly  dry  air  or  oxygen 
\  without  action  upon  potassium. 

Potassium  Peroxide,  K^Of,  may  be  obtained  by  melting  potas- 
[um  in  an  atmosphere  of  nitrogen,  and  gradually  displacing  the 
itrogen  by  moderately  dry  oxygen.  It  is  also  produced  by  heating 
otassium  in  nitrous  oxide. 

Potassium  peroxide  is  a  yellow  powder,  which,  when  strongly 
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heated,  is  converted  into  the  monoxide  K^O  and  oxygen.  Whet 
thrown  into  water,  oxygen  is  evolved,  potassium  hydroxide  and 
hydrogen  peroxide  being  formed — 

Kj04  +  2H,0  =.  2KH0  +  H,0,  +  O,. 

By  the  regulated  combustion  of  potassium  in  nitrous  oxide.  Holt  and 
have  obtained  compounds  having  the  composition  KjO^  and   K^Q^    Hi- 
latter,  in  contact  with  the  air,  undergoes  active  oxidation  into  K^4. 

Potassium  Hydroxide  (caustic  potash),  KHO,  is  prepared  bf' 
adding  lime  to  a  dilute  boiling  solution  of  potassium  carbonate^  ii 
iron  vessels,  when  caldiun  carbonate  is  precipitated  and  potassini 
hydroxide  remains  in  solution — 

KjCOs  +  Ca(HO)j  =  CaCOs  +  2KHO, 

the  reaction  being  complete,  when  the  addition  of  an  add  to  i 
small  test  sample  of  the  clear  liquor,  produces  no  efrerv'esceDG& 
This  reaction  is  a  reversible  one,  and  if  the  concentration  is  beyood 
a  certain  limit,  the  potassium  hydroxide  reacts  upon  the  caldoa 
carbonate,  reforming  potassium  carbonate.  The  liquid  is  therefoie 
constantly  maintained  at  a  certain  state  of  dilution  during  the 
reaction,  at  the  completion  of  which  the  mixture  is  allowed  to 
settle,  and  the  clear  solution  is  then  partially  concentrated  in 
iron  vessels,  and  finally  in  silver,  until  on  cooling,  the  substance 
solidifies.     It  is  then  usually  cast  into  sticks. 

Caustic  potash  is  a  white  brittle  solid  ;  it  is  extremely  deliques- 
cent, and  dissolves  in  water  with  evolution  of  heat,  forming  a 
highly  caustic  liquid.  The  solid,  as  well  as  the  solution,  readily 
absorbs  carbon  dioxide,  and  is  employed  in  the  laboratory  for  this 
purpose  when  it  is  desired  to  deprive  a  gas  of  the  last  traces  of  any 
admixed  carbon  dioxide.  A  hot  saturated  solution  of  potas^nm 
hydroxide,  when  cooled,  deposits  crystals  of  a  hydrate  having  Ae 
composition  KHO,2H20. 

Potassium  Fluoride,  KF.— This  salt  is  prepared  by  neutralisinj 
aqueous  hydrofluoric  acid  with  potassium  carbonate,  and  evaporat- 
ing the  solution  in  a  platinum  vessel,  when  the  salt  is  obtained  io 
the  fonn  of  deliquescent  cubical  crystals.  Potassiiun  fluoride  dis* 
solves  in  aqueous  hydrofluoric  acid  with  evolution  of  heat,  forniing 
the  acid  fluoride  of  potassium,  HF,KF,  which  is  obtained  as  an 
anhydrous  salt  when  the  solution  is  evaporated  to  dryness  and 
heated  to  i  lo".    TYi\s  sak  \s  not  deliquescent    When  heated  to  a 
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-ed  heat  it  decomposes  into  the  normal  salt  and  hydrofluoric 
(see  p.  312). 

tassium  Chloride,  KCl— This  salt  is  found  in  sea  water,  and 
it  one  time  obtained  as  a  secondary  product  in  the  manufacture 
omine  from  sea  salt,  and  of  iodine  from  seaweed,  as  well  as  in 
us  other  industrial  processes.  At  the  present  day  it  is  almost 
isively  obtained  from  the  enormous  deposits  of  camallite  at 
ifurt.  The  method  by  which  potassium  chloride  is  obtained 
this  double  salt,  KCl,MgCl2»6H30,  is  based  upon  the  foci, 
when  dissolved  in  water,  the  salt  dissociates  into  its  two 
tituents ;  and  when  the  solution  is  concentrated,  the  more 
able  potassium  chloride  first  separates  out,  leaving  the  mag- 
im  chloride  in  solution. 

practice,  the  crushed  crude  camallite  is  treated  with  boiling 
ler  liquors  from  previous  operations,  in  large  tanks  into  which 
Q  can  be  driven.  These  mother  liquors  are  practically  a 
ig  solution  of  magnesiiun  chloride,  and  it  is  found  that  while 
»sium  chloride  is  readily  soluble  in  this  liquid,  the  sodium 
ide  and  magnesium  sulphate  which  are  present  in  the  crude 
illite  are  only  slightly  dissolved  by  it,  and  are  therefore  left 
id  in  the  residue. 

le  muddy  liquid  is  allowed  to  settle  for  about  an  hour,  when  it 
awn  ofT  into  large  iron  crystallising  tanks.  The  salt  which  is 
deposited,  contains  from  80  to  90  per  cent  of  potassium 
ide,  the  remainder  being  mainly  sodium  and  magnesium 
ides. 

le  mother  liquor  from  these  crystallising  tanks,  is  either  used 
1  for  treating  a  fresh  charge  of  mineral,  or  is  further  evaporated, 
1  crystals  of  carttallite  separate  out ;  for  it  is  found  that  when 
unount  of  magnesium  chloride  present,  is  greater  than  three 
s  the  proportion  of  potassium  chloride  in  the  solution,  the  liquid 
-ystallising,  deposits  the  double  chloride  of  the  two  metals.  The 
ire  potassium  chloride  from  the  crystallising  tanks  is  purified  by 
dng  with  cold  water,  in  which  the  salt  is  only  slightly  soluble, 
by  subsequent  recrystallisation.  Potassium  chloride  crystal- 
like the  dilorides  of  sodium,  rubidium,  and  caesium,  in  cubes. 
»ta8Siam  Chlorate,  KClOj. — When  chlorine  is  passed  into  a 
ion  of  potassium  hydroxide,  a  mixture  of  potassium  chlorate 
chloride  is  obtained,  thus — 

6KH0  +  3C1,  ==  KCIO3  +  6KC1  +  3H,0. 
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The  two  salts  in  solution  may  be  separated  by  cTTitalliHt 
the  chlorate  being  much  less  soluble  in  cold  water  dun 
chloride. 

On  the  manufacturing  scale,  potassium  diloraie  is  obtainei! 
passing  chlorine  into  milk  of  lime,  when  a  mixture  of  cak 
chlorate  and  chloride  is  fonned — 

flCa{HO),  +  6C1,  -  Ca(aO,),  +  (SCaCI,  +  SH.O. 

The  operation  is  conducted  in  cast-iron  cylinders  conne 
in  series,  one  of  which  is  shown  in  section  in  Fig.  130^  fium: 


Fig.  130. 


with  mechanical  stirring  gear,  a,  b,  b.  The  shaft,  and  the  | 
conveying  the  chlorine  into,  and  from  the  vessel,  are  connect* 
it  by  means  of  the  water-sealed  joints  c,  e,  1.  The  manholej 
short  wide  leaden  pipe,  dipping  .1  few  inches  into  the  liquid,  w 
allows  of  the  periodic  withdrawal  of  samples  for  examina 
Several  reactions  are  involved  in  the  final  formation  of  the  cal' 
chlorate ;  in  the  first  case  calcium  hypochlorite  is  prodi 
Ihus— 

2Ca{HO),  +  2C1,  =  Ca{OCl)»  +  CaClj  +  2H,0. 


The  calcium  hypochlorite  then  passes  into  f 
and  chloride  in  accordance  with  the  equation— 

;!Ca(OCI)j  =  Ca(CI03);  +  SCaCI, 

The  second  change  is  brought  about  by  the  operation  of 
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amely,  rise  of  temperature,  and  the  presence  of  excess  of 
Heat  alone  is  incapable  of  converting  more  than  a 
^portion  of  the  hypochlorite  into  chlorate,  for  the  former 
d  is  at  the  same  time  decomposed  into  calcium  chloride 
oxygen.  The  excess  of  chlorine  is  believed  to  act,  through 
vention  of  hypochlorous  acid,  HOCl,  merely  as  a  carrier 
n,  reducing  two  molecules  of  calcium  hypochlorite  to 
and  oxidising  the  third  to  chlorate,  thus — 

CI),  +  2Clj  +  BHjO  =.  CaCl,  +  4H0C1  +  2Ca(0Cl),  = 
2CaCl,  +  CaCClO,),  +  2C1,  +  2H80. 

)8orption  of  chlorine  by  the  milk  of  lime  is  attended  with 
.  of  heat ;  care  is  taken  to  prevent  the  temperature  from 
ove  about  70*,  otherwise  loss  results  by  the  decomposition 
[ilorite  with  evolution  of  oxygen,  thus — 

Ca(0Cl)2  =  CaCl,  +  O,. 

the  formation  of  calcium  chlorate  is  complete,  the  liquid 
d  to  settle,  and  is  then  run  into  concentrating  pans,  where 
site  amount  of  potassium  chloride  in  solution  demanded 
Uowing  equation,  is  added — 

Ca(C10,)8  +  2KC1  =  CaCl,  +  2KCIO3. 

quid  is  then  concentrated  in  iron  pans  and  allowed  to 
e,  when  the  moderately  soluble  potassium  chlorate  sepa- 
,  leaving  the  very  soluble  calcium  chloride  in  solution, 
rate  is  afterwards  purified  by  recrystallisation. 

m  chlorate,  although  only  moderately  soluble  in  water,  is  much 
lie  in  a  strong  solution  of  calcium  chloride,  hence  there  is  always  a 
y  about  lo  per  cent )  of  chlorate  in  this  process.  P^hmey's  pro- 
>viating  this,  consists  in  concentrating  the  liquid,  obtained  by  the 
n  of  the  lime,  to  a  definite  specific  gravity,  and  then  cooling  it  to 
about  78  per  cent,  of  the  caldimi  chloride  crystallises  out.  The 
lor,  containing  all  the  calcium  chlorate,  and  only  the  comparatively 
ortion  of  calcium  chloride,  is  then  treated  with  potassium  chloride 


ium  chlorate  crystallises  in  white  tables,  belonging  to  the 
imetric  system,  which  when  of  large  size  often  exhibit  fine 
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iridescent  colours.     100  parts  of  water  at  o**  dissolve  5.3  parts  of 
the  salt ;  while  at  loo"*,  59  parts  are  dissolved. 

Potassium  chlorate  is  used  largely  in  the  manufacture  of  rnatcbe^ 
on  account  of  the  ease  with  which  it  gives  up  its  oxygen :  thus,  if  1 
small  quantity  of  the  finely  powdered  salt  be  carefully  mixed  intk 
an  equally  small  amount  of  red  phosphorus,  the  friction  caused  bf 
lightly  rubbing  it  with  a  spatula,  is  sufficient  to  cause  the  mixtme 
to  detonate  violently.  Similarly,  when  powdered  potassium  dilo- 
rate  and  sulphur  are  rubbed  together  in  a  mortar,  the  mixtme 
explodes  with  violence.  Potassium  chlorate  is  also  largely  en- 
ployed  in  pyrotechny,  especially  in  the  production  of  coioaied 
effects,  where  a  fiercely  burning  mixture  is  required. 

Potassium  chlorate  melts  between  360"*  and  370**,  and  at  a  tem- 
perature about  380"*  begins  to  evolve  oxygen. 

Potassium  Perehlorate,  KCIO4.— When  the  chlorate  is  hested, 
it  first  melts  and  begins  to  give  off  oxygen ;  but  it  soon  begins  tD 
partially  solidify,  owing  to  the  formation  of  potassium  perchlonte, 
and  the  evolution  of  oxygen  stops  unless  a  stronger  heat  be 
applied.  The  reaction  at  this  stage  is  expressed  by  the  equa- 
tion— 

2KCIO3  -  KCIO4  +  KCl  +  O^ 

The  perchlorate  is  separated,  by  first  treating  the  residue  witib 
cold  water,  which  dissolves  the  greater  part  of  the  chloride,  and 
afterwards  with  warm  hydrochloric  add,  which  decomposes  any 
remaining  chlorate.    The  salt  is  then  purified  by  crystallisation. 

Potassium  perchlorate  is  very  slightly  soluble  in  cold  water,  100 
parts  of  water  at  0°  dissolving  only  0.7  parts  of  the  salt  ;  while  at 
I  GO**,  20  parts  are  dissolved. 

Potassium  Bromide,  KBr,  and  Iodide,  KI.— These  two  salts 
are  obtained  by  similar  methods.  When  bromine  or  iodine  is 
added  to  a  solution  of  potassium  hydroxide,  the  reaction  which 
takes  place  is  exactly  analogous  to  that  in  the  case  of  chlorine 
(see  Potassium  Chlorate,  above) — 

6KH0  +  SBrj  =  KBrOg  +  5KBr  +  SHjO. 

If  the  solution  so  obtained  be  evaporated  by  dryness,  and  die 
dry  residue  ignited,  the  bromate  (or  iodate)  is  decomposed,  just  as 
potassium  chlorate  is  decomposed  by  heat,  giving  off  its  oxygen, 
and  being  converted  into  bromide  (or  iodide)^ 

KBrO,  =  KBr  +  30. 
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The  residue,  on  being  dissolved  in  water  and  rccrystallised, 
yields  pure  potassium  bromide  (or  iodide). 

These  salts  are  manufactured  by  decomposing  ferrous  bromide, 
Fe^Brg  (nr  iodide,  Fcglg),  with  potassium  carbonate,  thus — 

Fe^Brg  +  4K,CO,  =  Fe304  +  8KBr  +  4CO2. 

The  ferrous  bromide  is  obtained  by  adding  bromine  to  moistened 
iron  borings  (see  Manufacture  of  Bromine). 

Potassium  iodide  and  bromide  both  crystallise  in  cubes,  and  are 
both  readily  soluble  in  water.  These  salts  are  chiefly  used  for 
medicinal  and  photographic  purposes. 

Potassiom  Sulphate,  K^SOi.— This  salt  is  present  in  the  Stass- 
furt  deposits  principally  as  kainite^  K2S04,MgS04,MgCl2,6H80, 
and  as  polyhalite,  K,S04,MgS04,2CaS04,2H20.  When  kainite 
is  treated  with  small  quantities  of  water,  or  mother  liquors  from 
other  processes,  the  extremely  soluble  magnesium  chloride  is 
removed,  leaving  the  potassium  magnesium  sulphate ;  and  on 
adding  to  this  the  requisite  amount  of  potassium  chloride,  the 
following  change  takes  place — 

K^S04,MgS04  +  3KC1  =  2K2SO4  +  KCljMgClj. 

From  this  solution  the  potassium  sulphate  crystallises  out. 

Potassium  sulphate  is  also  obtained  by  the  action  of  sulphuric 
acid  upon  the  chloride,  by  a  process  corresponding  exactly  to  the 
first  stage  in  the  Leblanc  soda  process  {q-v^ — 

2KC1  +  H,S04  =  K8SO4  +  2HC1. 

Potassium  sulphate  forms  colourless  rhombic  crystals,  contain- 
ing no  water  of  crystallisation,  therein  differing  from  sodium 
sulphate,  which  crystallises  with  ten  molecules  of  water. 

Potassium  sulphate  is  largely  used  for  agricultural  purposes. 

Potassium  Carbonate,  K,CO,.— This  salt  was  formerly  obtained 
exclusively  from  the  ashes  of  wood  and  other  land  plants,  and  was 
known  under  the  name  of  pot-ashes.  The  process  is  still  carried 
on  in  parts  of  Canada  and  the  United  States.  The  wood  is  burned 
in  pitSy  and  the  ashes  are  collected  and  lixiviated  with  water 
(with  the  addition  of  a  small  quantity  of  lime)  in  wooden  tubs 
with  perforated  fidse  bottoms.  The  liquid  which  is  drawn  off  is 
evaporated  to  dryness,  and  usually  calcined  to  bum  away  the 
organic  matter.     This  material,  known  as  American  pot-ashes, 
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contains  varying  quantities  of  caustic  potash,  on  account  of  die 
previously  added  lime.  The  so-called  American  peari-ask  is  a 
purer  product,  obtained  by  concentrating  the  liquor  from  the 
lixiviating  tubs  until  the  less  soluble  impurities  crystallise  out, 
and  finally  evaporating  the  mother  liquor,  containing  the  potassium 
carbonate,  to  dryness,  and  calcining  the  residue 

Potassium  carbonate  is  also  obtained  from  beet-root  molasse^ 
an  uncrystallisable  residue  obtained  in  the  manu£eicture  of  beet 
sugar,  carried  on  chiefly  in  France.  The  syrup  is  fermented  with 
yeast,  whereby  the  sugar  it  contains  is  converted  into  alcohol,  and 
then  distilled.  The  residual  liquid,  known  as  vinassty  is  evaporated 
to  dryness  ;  and  from  the  black  residue,  termed  ^  vinasse  dnder,' 
the  potassium  carbonate  is  extracted. 

Potassium  carbonate  is  obtained  also  from  suini^  which,  as 
already  stated,  contains  considerable  quantities  of  potassium  ia 
the  form  of  potassium  sudorate.  The  sheep's  wool  is  lixiviated 
with  water,  and  the  solution  evaporated  to  dryness.  The  residoe 
is  heated  in  iron  retorts,  whereby  the  organic  potassium  salts  are 
converted  into  carbonate,  while  at  the  same  time  ammonia,  and 
an  illuminating  gas,  are  evolved.  The  carbonaceous  residue  is 
extracted  with  water,  and  the  potassium  cari>onate  separated  by 
crystallisation. 

Since  the  development  of  the  Stassfiirt  potash  supplies,  these 
sources  of  potassium  carbonate  are  rapidly  sinking  into  the  bado 
ground,  and  the  bulk  of  this  compound  is  now  manufactured  from 
potassium  sulphate  by  a  process  exactly  similar  to  the  Leblanc 
soda  process  {(jri>,\ 

Potassium  carbonate  is  not  manufactured  by  a  method  analogous 
to  the  ammonia-soda  process  (Solvay),  on  account  of  the  too  great 
solubility  of  potassium  bicarbonate  (hydrogen  potassium  carbonate^ 

Pure  potassium  carbonate  may  be  obtained  by  igniting  cream 
of  tartar  (see  page  472),  and  extracting  with  water ;  or  by  heatiog 
hydrogen  potassium  carbonate,  which  gives  up  v^ter  and  carbon 
dioxide,  thus — 

SHKCOa  =  KjCOs  +  HjO  +  CO,. 

Potassium  carbonate  forms  long  prismatic  crystals  belonging  to 
the  monosymmetric  system,  and  containing  three  molecules  of 
water,  KjCOsjdHjO.  The  anhydrous  salt  is  highly  deliquescent, 
and  very  soluble  in  water. 

Hydrogen  Potassium  Carbonate  (bicarbonate  of  potask\ 
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HKCO^y  is  produced  by  passing  carbon  dioxide  into  an  aqueous 
solution  of  the  normal  carbonate,  thus — 

K,CO,  +  CO,  +  H,0  =  2HKC08. 

This  salt  is  much  less  soluble  in  water  than  the  normal  salt,  and  is 
readily  purified  by  crystallisation. 

Potassiom  Nitrate  {nitre,  saltpetre),  KNO3— This  salt  has 
been  known  since  very  early  times.  It  occurs  as  an  efflorescence 
upon  the  earth,  as  a  result  of  the  oxidation  of  organic  nitrogenous 
matter  in  the  presence  of  the  potash  in  the  soil,  and  is  found  in 
the  neighbourhood  of  villages,  more  especially  in  hot  climates, 
where  urine  and  other  readily  decomposable  organic  matters  rich 
in  nitrogen  find  their  way  into  the  surface  soil.  It  has  been  shown 
that  the  process  of  nitrification  which  results  in  the  formation  of 
nitre  under  these  circumstances,  is  due  to  the  action  of  specific 
organisms,  or  microbes,  and  never  takes  place  in  their  absence. 
At  various  times  this  natural  process  has  been  artificially  carried 
on,  by  mixing  manure  and  other  decomposing  refuse,  with  porous 
soil,  lime,  and  wood  ashes,  and  exposing  the  mixture  in  heaps 
which  were  moistened  from  time  to  time  with  drainage  hora 
manure.  The  saltpetre  earth,  collected  frora  the  natural  sources, 
or  firom  the  artificial  nitre  plantations,  on  lixiviation  with  water,  and 
subsequent  evaporation,  yielded  crystals  of  potassium  nitrate. 

At  Uie  present  time,  potassium  nitrate  is  almost  exclusively  ob- 
tained finc»n  sodium  nitrate  {Chili  saltpetre),  by  treatment  with 
potassium  chloride  derived  from  the  Stassfurt  supplies.  The  requi- 
site quantities  of  the  two  solutions  are  run  into  a  tank,  and  heated 
by  means  of  steam,  when  the  following  double  decomposition  takes 
place — 

NaNO,  +  KCl  =  NaCl  +  KNO3. 

• 

The  greater  part  of  the  sodium  chloride  is  at  once  precipitated, 
and  is  removed  by  canvas  filters.  The  clear  liquid  is  then  allowed 
to  crystallise  in  tanks  furnished  with  stirring  gear,  in  order  to 
cause  the  formation  of  small  crystals,  and  the  nitre-meal  so  ob- 
tained is  purified  by  recrystallisation. 

Potassium  nitrate  crystallises  usually  in  rhombic  prisms,  but  it 
can  also  be  obtained  in  the  form  of  small  rhombohedral  crystals, 
isomorphotis  with  sodium  nitrate. 

The  solubility  of  potassium  nitrate  rapidly  increases  with  rise  of 
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temperature  (see  Solubility  Curve,  p.  131).    100  parts  of  water  at 
o*  dissolve  13.3  parts ;  at  50*,  S6  parts ;  and  at  100*,  247  parts. 

Nitre  melts  at  339*,  and  at  a  higher  temperatuxe  loses  oxygen 
and  is  converted  into  potassium  nitrite  :  on  this  account  it  readily 
oxidises  many  of  the  elements  when  heated  in  contact  with  them. 
Thus,  a  fragment  of  charcoal  or  sulphur  thrown  upon  melted  nitre, 
takes  fire  and  bums  with  great  energy ;  in  the  one  case  with  fonna- 
tion  of  potassium  carbonate  and  carbon  dioxide,  and  in  the  other 
of  potassium  sulphate  and  sulphur  dioxide — 

4KN08  +  6C  -  2K,COs  +  3C0,  +  2N» 
2KN08  +  2S  =  KjSO^  +   SO,  +  N» 

Nitre  is  chiefly  used  in  the  manufacture  of  gunpowder  and  in 
pyrotechny. 

Gunpowder  is  a  mixture  of  nitre,  charcoal,  and  sulphur.  The  proportkns 
in  which  these  ingredients  are  present  varies,  within  small  limits,  according 
to  the  s[)ecial  kind  of  powder,  as  will  be  seen  from  the  following  table  (Abd 
and  Nobel),  giving  analyses  of  various  powders  manufactured  at  Waltham 

Abl)ey. 


Potassium  nitrate 

,,  sulphate 

Sulphur 
Charcoal 
Water  . 


Fine-gnun. 


73-55 
0.36 

10.02 

14.59 
1.48 


Rifle 
Fine-grain. 


I 


7504 
a  14 

9.93 
14.09 

0.80 


Rifle 

Pebble 

LATge-grain. 

Powder. 

74-95 

74-67 

0.IS 

ao9 

10.27 

iao7 

13.5a 

14.22 

I. II 

0-95 

These  proportions  are  very  close  to  those  which  would  be  demanded  by  the 

equaiion — 

2KNO3  +  S  +  3C  =  KaS  +  3CO2  +  Nj, 

which  was  at  one  time  supposed  to  represent  the  change  which  takes  pbce 
when  gunpowder  is  exploded.  In  reality  the  decomposition  is  modi  moce 
complex,  and  it  has  bet'u  shown  that  the  solid  products  consist  of  mixtures  of 
the  following  sii Stances  in  varying  proportions,  depending  upon  the  particular 
powder,  and  the  conditions  of  firing — 


Potassium  carbonate. 
,,  sulphate. 

,,  sulphide. 

,,  thiosulphatc. 

,,  thiocyanate. 


Potassium  nitrate. 
.,         oxide. 
Ammonium  sesquicarbooate. 
Carbon. 
Sulphur. 


Compounds  of  Potassium  with  Sulpliur 

While  the  gases  that  are  evolved  consist  of— 
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Carbon  dioxide. 

Marsh  gas. 

Nitrogen. 

Oxygen. 

Carbon  monoxide. 

Hydrogen. 

Sulpboretted  hydrogen.              ^ 

From  the  combustion  of  one  gramme  of  powder,  the  total  weight  of  solids 
ranges  from  a  55  to  a  58  gramme,  and  the  total  weight  of  the  gaseous  products 
from  0.45  to  a43  gramme. 


COMPOUNDS  OF  POTASSIUM  WITH  SULPHUR. 

Four  sulphides  of  potassium  have  been  obtained,  namely*— 

Potassium  monosulphide  .  K^S,  corresponding  to  the  monoxide,  KjO. 

Potassium  trisulphide  KflSf. 

Potassium  tetrasulphide  .  K^Si,  corresponding  to  the  tetroxide,  K2O4. 

Potassium  pentasulphide  .  KjSg. 

Just  as  potassium  decomposes  water  with  evolution  of  hydrogen 
and  formation  of  potassium  hydroxide,  so  also,  when  heated  in 
sulphuretted  hydrogen  (the  sulphur  analogue  of  water)  it  forms 
potassitun  hydrosulphide  (the  analogue  of  potassium  hydroxide) 
and  liberates  hydrogen,  thus — 

H^  +  K  =  KHS  +  H, 

when  potassitun  hydroxide  and  hydrosulphide  are  mixed  in  equi- 
molecular  proportions,  potassium  monosulphide  and  water  are 

formed — 

KHO  +  KHS  =  K,S  +  HjO. 

The  liquid,  on  evaporation  in  vacuo,  deposits  reddish  prismatic 
deliquescent  crystals  having  the  composition  KjSySHjO. 

When  potassium  carbonate  and  sulphur  are  heated  together,  a 
mixture  of  the  higher  sulphides  of  potassium  with  potassitun  thio- 
sulphate  is  obtained,  thus — 

BKgCOg  +    8S  =  2K2S8  +  KaSjOa  +  3CO^ 
3K,C0.  +  12s  =  SKjiSj  +  KjSjO,  +  3C0,. 

The  reddish-brown  solid  product  was  named  by  the  early 
chemists  Atfiar  su/pAuris,  or  '*  liver  of  sulphur." 
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Fonnula,  Na  =  22.99^ 

OeenFPenee. — ^The  most  abundant  natural  compound  of  sodium 
is  the  chloride,  which  is  present  in  sea-water,  and  in  many  sah 
lakes  and  springs.  Enormous  dq)osits  of  sodium  chloride,  or 
rock-salty  are  found  in  Cheshire,  Lancashire,  and  other  parts  of 
the  world.  As  nitrate,  this  element  occurs  in  large  quantities  in 
Chili  and  Peru ;  and  in  combination  with  silicic  acid  it  is  a  om- 
stituent  of  many  rocks. 

Modes  of  FormatioiL — Sodium  was  first  isolated  by  Davy,  by 
the  electrolysis  of  sodium  hydroxide.  It  is  now  manuiactured  by 
processes  exactly  similar  to  those  described  for  the  preparation  of 
potassium.  Sodium,  however,  forms  no  explosive  compound  with 
carbon  monoxide  :  hence  in  its  manufacture,  an  excess  of  carbon  in 
the  ferrous  carbide,  is  not  detrimental. 

Properties. — Sodium  closely  resembles  potassium  in  its  general 
properties.  It  is  a  soft,  white  metal  which  can  be  readily  moulded 
by  the  fingers,  and  is  easily  pressed  into  wire.  At  -  20*  it  is  hard. 
The  colour  of  sodium  vapour  is  violet,  while  the  colour  exhibited 
by  a  thin  film  of  the  metal,  obtained  by  sublimation  in  vacuo,  is 
greenish-blue.  The  vapour  density  of  sodium  is  about  25  (Dewar 
and  Scott),  showing  that  this  metal  in  the  vaporous  state  b 
monatomic. 

Like  potassium,  sodium  dissolves  in  liquid  ammonia,  yielding  a 
blue  solution.  When  heated  in  the  air,  sodium  bums,  forming  the 
monoxide,  Na20,  and  peroxide,  Na^Oj.  Perfectly  dry  air  or 
oxygen  is  without  action  upon  the  metal. 

When  heated  in  hydrogen,  sodium  forms  the  hydride,  NaiH* 
analogous  to  the  potassium  compound,  but  not  spontaneously  in- 
flammable in  air.  When  this  is  heated  to  about  300"  in  vacuo,  the 
whole  of  the  hydrogen  is  evolved. 

Alloy  of  Sodium  and  Potassium.— When  these  two  metals  are 
melted  together  beneath  petroleum,  an  alloy  is  obtained  which  is 
liquid  at  ordinary  temperatures.  When  prepared  and  preserved 
out  of  contact  with  air,  the  alloy  resembles  mercury  in  appearance. 
This  alloy  is  employed  in  the  construction  of  thermometers  for 
registering  high  temperatures,  where  mercury  would  be  inadmis- 
sible. 

Oxides  of  Sodium. — Two  oxides  are  knou-n,  viz.,  sodium  mon- 
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oxide,  NafO,  and  sodium  dioxide,  or  peroxide,  Na^Os;  ^^^  ^^ 
which  are  formed  when  sodium  bums  in  the  air. 

Sodium  Monoxide,  Na^O,  is  obtained  by  burning  sodium  in  a 
limited  supply  of  moderately  dry  oxygen  mixed  with  nitrogen,  or 
in  nitrous  oxide,  at  a  temperature  not  higher  than  I8o^  It  is  also 
produced  by  heating  sodium  hydroxide  with  sodium— 

NaHO  +  Na  =  Na^O  +  H. 

Sodium  monoxide  is  an  amorphous  greyish-white  solid,  which 
combines  with  water,  forming  the  hydroxide. 

Sodium  Peroxide,  Na^O^  is  obtained  by  allowing  sodium  to 
bum  briskly  in  oxygen.  It  is  a  yellowish-white  solid,  which  de- 
composes in  contact  with  water,  with  considerable  rise  of  tem- 
perature and  evolution  of  oxygen — 

Na,0,  +  H,0  =  2NaH0  +  O. 

The  oxygen  which  is  evolved  contains  appreciable  quantities  of 
ozone.  When  sodium  peroxide  is  slowly  added  to  water,  or  to 
dilute  hydrochloric  add  in  the  cold,  hydrogen  peroxide  is  fomied — 

NajO,  +  2HjO  =  2NaH0  -f  HjOf 

Sodium  peroxide  forms  a  crystalline  hydrate  of  the  composition, 
NafO^SH^Os  (p.  204).  When  heated  in  either  nitrous  or  nitric 
oxides,  it  yields  sodium  nitrite ;  in  the  former  case,  with  the  elimina- 
tion of  nitrogen — 

Na^Oj  +  2N,0  =  2NaN02  -f-  Nj. 
NajO, +  2N0  =2NaN0:j. 

Sodium  Hydroxide  {caustic  soda\  NaHO. — This  compound  is 
produced  when  sodium  is  brought  into  contact  with  water,  and  also 
when  either  sodium  monoxide,  or  peroxide,  is  dissolved  in  water. 
On  the  large  scale,  caustic  soda  is  prepared  by  the  action  of  lime 
upon  a  boiling  solution  of  sodium  carbonate  (see  Caustic  Potash) — 

Na^COa  +  CaCHO),  =  CaCO,  +  2NaH0. 

The  so-called /aix>^  liquors  (obtained  in  the  manufacture  of  sodium 
carbonate  by  the  Leblanc  process,  q,v.)  are  heated  to  the  boiling- 
point,  and  an  excess  of  lime  is  stirred  into  the  mixture.     The 
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sodium  sulphide  present  in  the  tank  liquor,  is  oxidised  into  sul- 
phate by  the  combined  action, of  air  injected  into  the  mixture, 
and  of  sodium  nitrate,  which  is  added  for  this  purpose.  The 
liquor,  after  being  causticised,  is  decanted,  or  filtered,  from  the 
precipitated  calcium  carbonate,  and  is  concentrated  in  large  cast- 
iron  hemispherical  pans.  The  decomposition  sufiered  by  the 
sodium  nitrate  depends  upon  the  temperature  and  concentradon 
of  the  liquid :  at  300**  to  360**  the  change  may  be  eicpressed  b)- 
the  equation — 

NaNOg  +  2H,0  -*  NaHO  +  NH,  +  4a 

The  liberated  oxygen  oxidises  the  sulphides  to  sulphateSi 
Sodium  hydroxide  is  a  white,  strongly  caustic,  and  higbljf  4it 
liquescent  solid,  closely  resembling  potassium  hydroxide  ni  Ik 
properties.  It  is  soluble  in  water,  with  considerable  rise  of  IHI- 
pcrature,  and  a  concentrated  aqueous  solution  when  cooled  to 
-  8",  deposits   a   crystalline    hydrate,  having    the    compantioo 

:»NaHO,7H20. 
Sodium  Chloride,  NaCI.— Of  the  compounds  of  sodium  whh 

the  halogens,  the  chloride  is  the  most  important  In  vann 
climates,  as  upon  the  shores  of  the  Mediterranean,  sodium  cfaknide 
is  obtained  by  the  evaporation  of  sea  water  in  large  shallow  basiiis, 
or  pools,  constructed  upon  the  sea-shore,  and  exposed  to  the  sun's 
heat.  As  the  brine  concentrates  in  these  salterns^  the  Gfystib 
of  salt  are  raked  off  the  liquid,  and  allowed  to  drain  in  heaps  at 
the  side  of  the  pools.  The  mother  liquors,  known  as  HlUrm^. 
were  formerly  utilised  for  the  extraction  of  the  bromine  which 
ihcy  contain. 

Salt  is  obtained  from  salt-beds,  where  it  is  found  in  enormous 
deposits,  cither  by  direct  mining  operations,  when  the  salt  is 
sufficiently  pure,  or  by  first  dissolving  the  material  in  water, 
whereby  insoluble  admixed  impurities  arc  removed,  and  afterwards 
evaporating  the  brine  so  obtained.  The  latter  method  is  carried 
out  by  sinking  borings  through  the  upper  strata  of  rock,  and 
sending  water  down  to  the  salt-beds  beneath.  The  brine  is  then 
pumped  up,  and  the  salt  obtained  by  evaporation.  The  first  stape 
of  the  concentrating  process,  especially  where  the  brine  is  not  very 
strong,  is  in  some  parts  earned  on  by  exposing  the  liquid  to  the 
wind.  This  is  effected  by  causing  the  solution  to  trickle  over 
erections  of  brushwood  known  :is  i^ruciua/ors  (Fig.  1 31),  which  aic 
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built  so  that  the  ptevtuling  winds  blow  aaross  tbem.  The  brine  is 
pumped  up  into  the  wooden  troughs  tunning  along  the  top,  from 
whicb  it  escapes  by  a  Dumber  of  openings,  a,  a,  a,  and  Rows  over 
the  pile  of  bnBhwood  down  into  the  reservoir  upon  which  the 
erection  >■  conltructed.     In  this  way  the  solution  is  made  to  ex- 


FiC.  131. 

pose  a  large  surface  to  the  air,  and  it  quickly  reaches  a 
tion  when  it  contains  30  per  cent,  of  salt  in  the  solution.  The 
liquor  is  then  evaporated  in  shallow  iron  pans  by  means  of  arti- 
ficial heat,  and  as  the  salt  crystallises  it  is  lifted  out  by  means  of 
perforated  iron  skimmers.  Salt  obtained  in  this  manner,  always 
contaiiu  small  quantities  of  other  salts,  such  as  sodium  sulphate, 
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calcium  sulphate,  caldum  and  ma^nesimn  chlorides.  Tbcpracnce 
of  chlorides  of  magnesium  or  calcium,  causes  the  aUt  to  bccooie 
must,  especially  in  danqi 

Pure  sodium  chknide 
may  be  prepared  by  add- 
ing hydrochloric  acid  to  i 
strong  aqueous  solntioa  of 
salt ;  the  sodium  chloride  b 
thereby  predpatated,  while 
the  other  salts  temain  to 
solution. 

Sodhmi  diloridc  fenni 
colourless,  cubical  oysUls, 
which  are  anhydrcNis.  If 
deponted  at  —  lo'  it  oyv 
tallises  in  monosynunetrtc 
prisms,  wilh  two  moleculet 
of  water  of  crystallisatjon, 
which  at  the  ordinary  lem- 
peraturelosetheirwater,aiid 
break  up  into  minute  cubes. 
Sodium     chloride    is   a 

'L-^^^  ^H^^^^^^^H  necessary artideoffoodifbr 

^^  ^^^IH^^^^^^B.  "'^"  ^"'^  other  animals  ; 

"''^^^^^  ^H^^^^^^^B  J5  estimated  that  about  k) 

lbs.  of  salt    per  head  of 

population  is  annually  used, 

directly  or    indirectly,  for 

ihis  purpose.     The  hydro- 

^^^^^^^^^^  ^^— ^  chloric  acid  present  ia  the 

£^   ^lE^^^^^I  ^^tt)  gastric  and  other  acid  fluids 

^-  -I  ^^HB^^^^^H  ^^Br  of  the  stomach,  is  derived 

from  the  decomposition  of 

sodium  chloride  which  is 

talcen  into  the  or;g:anism. 

Enormous  quniiiliies  of  sodium  chloride  are  employed  in  the 

alkali  industry,  and  all  the  chlorine  that  is  manufactured  is  derived 

primarily  from  this  compound. 

Sodium  Bromide,  NaBr,  and  Sodium  Iodide.  Nal,  are  pre- 
pared by  methods  similar  to  those  for  obtaining  the  potassium 
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compounds.  They  are  both  isomorphous  with  sodium  chloride, 
and  when  deposited  at  low  temperatures  they  form  monosymmetric 
crystals  containing  two  molecules  of  water. 

Sodium  Carbonate,  Na^COs.— The  preparation  of  this  com- 
pound is  carried  on  by  two  methods,  and  constitutes  that  important 
industry,  the  alkali  manufacture.  The  two  processes  are  known 
by  the  names  of  their  respective  discoverers,  namely,  the  Leblanc 
process,  and  the  Solvay  process,  the  latter  being  ^so  known  as 
the  ammonia-soda  process. 

I.  The  Leblanc  method  of  manufacture  consists  essentially  of 
three  processes,  namely — 

(i.)  The  conversion  of  sodium  chloride  into  sodium  sulphate 
by  the  action  of  sulphuric  acid,  known  as  the  salt-cake 
process.  Two  chemical  reactions  are  involved  in  the 
process — 

NaCl  +  H,S04      =  NaHS04  +  HCl. 
NaCl  +  NaHSO*  =  Na,S04    +  HCl. 

(2.)  The  decomposition  of  sodium  sulphate,  salt-cakcy  by  means 
of  calcium  carbonate  (limestone)  and  coal,  at  a  high 
temperature,  whereby  a  crude  mixture  of  sodium  car- 
bonate and  calcium  sulphide  is  obtained,  known  as 
black-ash.  This  black-ash  process  takes  place  in  accord- 
ance with  the  following  equation — 

Na,S04  +  CaCOg  +  2C  =  NajCOg  +  CaS  +  2CO2. 

The  change  may  be  conveniently  regarded  as  taking  place  in  two 
stages,  which  proceed  simultaneously,  according  to  the  equations — 

Na,S04  +  4C  =  Na^S  +  SCOj. 
Na,S  -H  CaCOj  =  CaS  +  NaaCO,. 

(3.)  The  process  of  extracting  and  purifying  the  sodium  car- 
bonate contained  in  the  black-ash. 

(i.)  The  Salt-cake  Process. — The  first  stage  of  this  process  is 
usually  carried  on  in  a  large  cast-iron  pan  (Z>,  Fig.  132),  built  into 
a  fiimace  in  such  a  manner  that  it  shall  be  heated  as  uniformly  as 
possible.  The  charge  of  common  salt  is  placed  in  the  covered  pan, 
and  the  requisite  quantity  of  sulphuric  add  is  then  run  in.  Hydro- 
chloric acid  is  given  off  in  torrents,  according  to  the  first  of  the 
above  equations,  and  the  gas  is  led  away  by  the  pipe  E  in  the 
arched  roof^  to  the  condensing-towers,  where  it  is  absorbed  by  water 
(see  Hydrochloric  Acid,  page  331).    The  mixture  is  heated  until  it 
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3  stifTen  into  a  M>1id  mass,  when  the  damper  il  U  raued, 
and  the  mass  is  rak«d  <n 
the  pan  on  to  the  health  of 
the  rvatfer,  or  reverbnatmr 
furnace,  i.  Here  it  is  espascd 
to  the  hot  gases  from  the  colce 
fire  n,  which  sweep  over  it,iHl 
ultimately  raise  its  temj 
ture  nearly  to  a  red  hcu, 
whereby  the  second  of  Ibe 
above  reactions  is  completed 
The  acid  gas,  together  nilb  tht 
fire  gases,  leave  the  toasici  bf 
the  chimney  e,  and  are  also  led 
to  condensing  -  to weis,  where 
the  hydrochloric  acid  is  ab- 
sorbed. The  mass  is  from 
time  lo  lime  raked,  or  worked, 
Ijy  means  of  side  -  opening, 
or  "  working  doors,"  in  the 
roaster,  and  as  soon  as  the 
operation  is  completed  the 
salt-cake  is  withdrawn.  The 
salt-cake  so  obtained,  usuaily 
contains  from  9;  to  96  per  cent 
of  normal  sodium  sulphate, 
Na,SOf ;  the  remaining  4  or  5 
per  cent,  consisting  of  hydroKeo 
sodium  sulphate,  NaHSO^un- 
dccomposed  sodium  chloride, 
and  sucli  impurities  as  were 
ori)>ina11y  present  in  the  salt. 

(3.)  7Ae  iSlact-asA  Proceiu 
— The  salt-cake  is  niixed  with 
limestone  (or  chalk)  and  coal 
dust  {shck\  and  healed  in  a 
rcvcrbcratory  furnace,  known 
.15  the  black-ash,  or  balling, 
furnace.  As  the  mixture  softens 
with  the  hcnt,  it  requires  to 
be  thoroughly  mixed  together. 
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which,  in  the  older  fbnns  of  fiimace  (still  used  in  many  places),  is 
accomplished  by  manual  labour.  Fig.  1 33  shows  such  a  furnace  in 
section.  The- mateiials  are  introduced 
by  the  hopper  k  on  to  the  hearth  t, 
where  they  are  exposed  to  the  hot  gases 
from  the  fire  a  \  and  as  the  decom- 
position proceeds,  they  are  lalted  along 
to  the  more  stron|[ly-heated  front  por- 
tion of  the  hearth  k.  During  this  prt>- 
cess,  carbon  dioxide  is  freely  evolved, 
the  escaping  bubbles  of  gas  giving  the 
semi-Buid  mass  the  appearance  of  boil- 
ing. As  the  temperature  rises,  and  the 
process  approaches  completion,  the 
mass  thickens,  when  it  is  worked  up 
into  Urge  balls  by  means  of  lakes  or 
paHdlis.  At  this  stage,  carbon  mon- 
oxide b^ns  to  be  evolved,  the  bubbles 
of  which,  bursting  from  the  doughy 
material,  become  ignited  and  bum  upon 
its  sur&ce  as  small  jets  of  flame, 
coloured  yellow  by  the  soda.  As  soon 
as  these  appcftr,  the  ball  is  quickly 
withdrawn  &om  the  furnace.  The  for- 
mation of  carbon  monoxide^  at  the  high  " 
temperature  reached  at  this  point  in  the 
process,  ia  due  to  the  action  of  carbon 
upon  the  limestone,  according  to  the 


CaCO,  +  C  -  CaO  +  SCO, 

excess  of  these  materials  being  inten- 
tioiuUly  present  in  the  mixture.  The 
effect  of  the  escaping  carbon  monoxide 
at  this  point  in  the  process,  in  rendering 
the  black-ash  light  and  porous  (an  impor- 
tant consideration  in  view  of  the  next  operation^  is  similar  to  that 
of  baking-powder  when  used  for  cooking  purposes-  The  heated 
gases  from  the  fiimace  are  made  to  pass  over  large  e%'aporating 
pans,  P,  where  liquors  from  a  subsequent  process  are  con- 
centrated. 
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In  the  more  modem  fbnns  of  black-ash  funiaoe»  the  mizmg  and 
working  up  of  the  materiab  b  accomplished  medianically,  by 
means  of  a  revolving  hearth.  Fig.  134  shows  the  general  arrange- 
ment of  a  revolving  black-ash  furnace.  The  mixture  is  placed  in 
the  cylinder  e^  which  is  made  to  slowly  revolve  xsgfaa  its  horizontal 
axis.  The  heated  gases  from  the  fire  a  pass  throng  this  reviv- 
ing hearth  ;  they  are  then  conveyed  through  a  dust-chamber,  m,  and 
finally  over  concentrating-pans.  Limestone  and  two-thiids  of  the 
coal  are  first  thrown  into  the  furnace,  and  heated  until  the  blue 
flame  of  burning  carbon  monoxide  makes  its  appearance,  when 
the  salt-cake,  along  with  the  rest  of  the  coal,  is  added,  and  tbc 
process  continued  until  the  yellow  flames  appear  upon  the  surfiux 
of  the  mass.  The  contents  of  the  cylinder  are  then  thrown  out 
into  iron  trucks  beneath. 

Black-ash  is  a  mixture  of  variable  composition,  containing — 

Sodium  carbonate,  Na^CO, 
Calcium  sulphide,  CaS    . 
Calcium  carbonate,  CaCOg 
Coke        .... 
Calcium  oxide,  CaO 

And  smaller  quantities  of  sodium  chloride,  sodium  sulphate,  sodium 
sulphite,  sodium  sulphide,  sodium  thiosulphate,  oxides  of  iron, 
alumina. 

(3.)  Lixiviaiion  of  Black-CLsh, — The  lixiviation  of  black-ash  is 
carried  on  in  a  scries  of  tanks,  so  arranged  that  the  liquid  can  be 
made  to  pass  from  one  to  the  other.  The  action  of  water  upon 
the  black-ash  is  more  than  a  simple  process  of  dissolving  the 
sodium  carbonate  from  the  mixture,  for  in  the  presence  of  water, 
chemical  action  takes  place  between  some  of  the  ingredients. 
Thus,  the  lime  reacts  upon  sodium  carbonate,  forming  sodium 
hydroxide,  hence  the  tank  liquor  always  contains  caustic  soda  in 
varying  quantities.  Under  certain  conditions  of  temperature  and 
dilution,  the  calcium  sulphide  also  reacts  upon  the  sodium  car- 
bonate, forming  sodium  sulphide  and  calcium  carbonate,  thus — 

CaS  +  NajCOs  =  CaCOa  +  Na^S. 

Also  by  the  oxidising  influence  of  atmospheric  oxygen,  calcium 
sulphide,  CaS,  is  converted  into  calcium  sulphate,  CaSO^,  which, 
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in  its  turn,  is  acted  upon  by  the  sodium  carbonate,  involving  loss 
of  this  product — 

CaS04  +  Na,CO,  =  CaCOg  +  Na2S04. 

The  process  of  lixiviation  is  carried  on  as  rapidly  as  possible, 
and  at  temperatures  ranging  from  about  30**  (for  the  dilute  liquors) 
to  about  60^  (for  those  more  concentrated) ;  for  the  formation  of 
sodium  sulphide  diminishes  as  the  concentration  of  the  liquid 
increases.  The  tank  liquor,  after  settling,  is  then  either  at  once 
concentrated  by  evaporation,  when  the  soda  crystallises  out,  leav- 
ing the  caustic  soda  in  the  mother  liquor,  or  it  is  submitted  to  the 
action  of  carbon  dioidde,  whereby  both  the  caustic  soda  and  the 
sodium  sulphide  are  converted  into  sodium  carbonate,  thus — 

2NaH0  +  CO2  =  Na,COs  +  HjO. 
Na,S  +  CO,  +  H,0  =  Na^COs  +  HjS. 

The  concentration  of  the  tank  liquor  is  accomplished  in  the 
shallow  pans  above-mentioned,  by  means  of  the  waste  heat  from 
the  black-ash  furnace ;  and  the  product  obtained  by  evaporating  the 
liquid,  is  usually  calcined  at  a  red  heat  in  an  ordinary  reverberatory 
furnace.  This  substance  is  known  as  soda-ash^  and  when  dissolved 
in  water,  and  the  solution  allowed  to  crystallise,  the  so-called  soda 
crystals  are  obtained,  having  the  composition  Na2CO8,10H,O. 

1 1.  The  Ammoma-Soda  Process, — This  process  is  based  upon  the 
fact,  that  hydrogen  ammonium  carbonate  {bicarbonate  0/ ammonia) 
is  decomposed  by  a  strong  solution  of  sodium  chloride,  according 
to  the  equation — 

H(NH4)C03  +  NaCl  =  HNaCOg  +  NH4CI. 

In  practice,  the  brine  is  first  saturated  with  ammonia  gas,  and 
the  cooled  ammoniacal  liquid  is  then  charged  with  carbon  dioxide, 
under  moderate  pressure,  in  carbonating  towers. 

The  hydrogen  sodium  carbonate  {bicarbonate  of  soda\  being 
much  less  soluble,  separates  out,  leaving  the  more  soluble  am- 
monium chloride  in  solution,  from  which  the  ammonia  is  recovered 
by  subsequent  treatment  with  lime. 

The  hydrogen  sodium  carbonate  is  converted  into  normal  sodium 
carbonate  by  calcination,  and  the  carbon  dioxide  evolved  is  again 
utilised  in  carbonating  a  further  quantity  of  anunoniacal  brine — 

2HNaCO,  =  NajCOs  +  CO,  +  H,0. 
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Sodium  carbonate  crystallises  in  large,  transparent,  monosym- 
metric  crystals,  commonly  known  as  ^  sodsL,"  or  **  washing-soda," 
having  the  composition  NasCOsflOH^O.  On  exposure  to  the  air, 
the  crystals  give  up  water,  and  become  effloresced  upon  the  sur&ce^ 
and  finally  fall  to  powder,  having  the  composition  NstJCO^Hfi, 
When  crystallised  from  hot  solutions,  it  forms  rhombic  crystals, 
containing  THgO.  The  solubility  of  sodium  carbonate  in  water 
increases  with  rise  of  temperature,  reaching  a  maximum  of  32. 5^ 
when  100  parts  of  water  dissolve  59  parts  of  the  salL  Above  this 
temperature  the  solubility  falls,  and  at  100*  the  amount  dissolved 
is  45.4  parts. 

Hydrogen  Sodium  Carbonate  {bicarbonate  ofsoda\  HNaCO> 

may  be  obtained  by  the  action  of  carbon  dioxide  upon  the  normal 
carbonate,  either  in  solution,  or  as  crystals  - 

Na,COs,10H,O  +  COj  =  S^NaC^Jf  9H,a 

The  greater  part  of  the  bicarbonate  of  soda  of  commerce  is 
obtained  in  the  ammonia-soda  process  above  described. 

This  salt  is  less  soluble  in  water  than  the  normal  carbonate. 
Tlius,  100  parts  of  water  at  different  temperatures  dissolves  the 
following  quantities  of  these  compounds — 


lo*.  20'.  30*.  40* 


NaaCOa.     .     .     12.6  21.4  38.1  50    parts. 

HNaCOs    .     .      8.8  9.8  10.8  11.7    „ 

When  a  solution  of  hydrogen  sodium  carbonate  is  heated,  the  salt 
gives  off  a  portion  of  its  carbon  dioxide,  and  on  cooling,  the  solution 
deposits  crystals  having  the  composition  Na2CO3,2HNaCO3,2H,0, 
known  as  sodium  sesquicarbonate.  On  continued  boiling,  the  salt 
is  completely  converted  into  the  normal  carbonate.  Sodium 
sesquicarbonate  occurs  as  a  natural  deposit  in  Egypt,  Africa, 
South  America,  and  elsewhere,  known  as  trona^  from  which  the 
name  nafrium  is  derived. 

Sodium  Sulphate  (Glaubet^s  salt\  Na,S04,  occurs  native  in  the 
anhydrous  condition  as  the  mineral  thefiardiie^  and  as  a  double 
sulphate  of  sodium  and  calcium,  Na4S04,CaS04,  in  the  mineral 
Giatiben'fe, 

It  is  manufactured  in  immense  quantities  in  the  first  {salt-cake) 
process  in  the  alkali  manufacture,  by  the  Leblanc  method. 

It  is  also  obtained  in  large  supplies  from  the  Stassfiirt  deposits, 
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by  double  decomposition  between  magnesium   sulphate  (from 
kUserite)  and  sodium  chloride. 

The  solution  of  the  mixed  salts,  when  cooled  a  few  degrees 
below  0%  deposits  sodium  sulphate,  and  the  soluble  magnesium 
chloride  remains  in  solution — 

2NaCl  +  MgS04  -  NajS04  +  MgCl^ 

Sodium  sulphate  is  also  manufactured  by  the  action  of  sulphur 
dioxide  and  oxygen  upon  sodium  chloride.  This  is  known  as 
Hargreav^s  process.    The  reaction  is  expressed  by  the  equation — 

SNaCl  +  SO,  +  O  +  H,0  =  Na,S04  +  2HCL 

This  process  is,  in  essence,  the  production  of  sodium  sulphate 
from  sodium  chloride,  and  the  constituents  of  sulphuric  acid^  with- 
out the  intermediate  manufacture  of  the  acid.  The  gases  from 
pyrites  burners,  similar  to  those  used  by  the  "  vitriol "  manufacturer, 
together  with  steam,  are  passed  through  a  series  of  cast-iron 
cylinders  containing  sodium  chloride,  and  maintained  at  a  tem- 
perature of  500*  to  550*.  Many  days  are  required  for  the  com- 
plete conversion  of  the  chloride  into  sulphate  by  this  process. 

Sodium  sulphate  crystallises  in  colourless  prisms  belonging  to 
the  monosynunetric  system,  containing  ten  molecules  of  water: 
when  exposed  to  the  air  the  crystals  effloresce,  and  when  heated 
to  33^  they  melt  in  their  own  water  of  crystallisation  (see  page  132). 

When  sodium  sulphate  »  heated  with  sulphuric  acid,  in  the  pro- 
portions required  by  the  following  equation,  hydrogen  sodium 
sulphate  is  formed — 


Na,S04  +  H,S04  =  2HNaS04.  / 


Sodium  Nitrate,  NaNO^ occurs  associated  with  other  salts, 
Bolivia  and  Peru,  as  cubical  nitre^  or  Chili  saltpetre.    The  crude 
salt  is  purified  by  solution  in  water,  and  crystallisation.     It  forms  / 
rhombohedral  crystals,  isomorphous  with  calcspar.  \ 

Sodium  nitrate  is  very  soluble  in  water.  100  parts  of  water  dis- 
solve at  o%  68.8  parts ;  at  40*,  102  parts  ;  and  at  loo"",  180  parts,  of 
the  salt  When  exposed  to  the  air,  the  salt  absorbs  moisture,  and 
on  this  account  cannot  be  employed  as  a  substitute  for  potassium 
nitrate  in  the  manufacture  of  gunpowder,  or  in  pyrotechny.  Its 
chief  uses  are  for  the  manufacture  of  nitric  acid  ;  for  the  manufacture 
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of  potassium  nitrate  by  double  decomposition  with  potassium 
chloride  ;  and  as  an  ingredient  in  artificial  manures. 

Sodium  Phosphates. — The  most  important  of  these  compounds 
is  the  hydrogen  disodium  orthophosphate,  or  cxmaaon  p/iospkate 
of  soday  HNa2P04.  This  salt  is  prepared  on  a  laxsT^  scale,  bjr 
adding  sodium  carbonate  to  phosphoric  add  until  the  solution  is 
alkaline,  and  then  filtering  and  evaporating  the  solution,  when 
large  transparent  prisms,  belonging  to  the  monosymmetric  system, 
are  deposited,  having  the  composition  HNa^POf^lSHjO.  Exposed 
to  the  air  the  crystals  effloresce,  and  when  heated  become  an- 
hydrous.   The  salt  melts  at  35*. 

One  hundred  parts  of  water  at  lo**  dissolve  4.1  parts  ;  at  50°,  43.3 
parts  ;  and  at  100**,  108.2  parts,  of  the  anhydrous  salt 

Normal  Sodium  Orthophosphate,  Na,P04,  is  obtained  from 
hydrogen  disodium  phosphate,  by  evaporating  a  solution  of  tbc 
latter  salt  with  sodium  hydroxide,  until  the  liquid  crystallises — 

HNa2P04  +  NaHO  =  NagPO*  +  H^O. 

This  salt  contains  twelve  molecules  of  water,  and  forms  thin 
six-sided  prisms.  Its  aqueous  solution  is  stronj^ly  alkaline,  and 
absorbs  atmospheric  carbon  dioxide,  with  the  formation  of  sodium 
carbonate  and  hydrogen  disodium  phosphate,  thus — 

Na3P04  +  CO2  +  HjjO  =  HNa2P04  +  HNaCO,. 

Dihydrogen  Sodium  Orthophosphate,  H2NaP04,  is  obtained 
when  phosphoric  acid  is  added  to  ordinary  phosphate  of  soda,  until 
the  liquid  gives  no  precipitate  with  barium  chloride.  On  ei'apo- 
rating  the  solution,  the  salt  crystallises. 

HNa.^P04  +  H3PO4  =  2H,NaP04. 

The  aqueous  solution  of  this  salt  is  acid. 

Hydrogen  Sodium  Ammonium  Phosphate  {microcosmic  salt), 

HNa(NH4)P04,  is  obtained  by  adding  a  strong  solution  of  com- 
mon sodium  phosphate  to  ammonium  chloride — 

HNaoP04  -I-  NII4CI  =  NaCl  +  HNa(NH4)P04. 

The  orthophosphates  are  readily  converted  into  pyro-  and  meta- 
phosphates  (see  page  436). 
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UTHinM. 

Symbol,  Li.    Atomic  weight  =  7.01. 

rrenee. — Lithium  is  only  found  in  combination  with  other 
s.  It  is  a  constituent  of  a  few  somewhat  rare  minerals,  as 
30SiO2,4Al2O»NasO,2LisO ;  spodumene,  15Si02,4A]20s, 
Uptdolite,  or  lithium  mica,  9SiO|,3A]30s,KaO,4LiF. 
leans  of  the  spectroscope,  lithium  compounds  have  been 
1  in  sea  water,  and  in  most  spring  and  river  waters.  In  a 
es  spring  waters  are  met  with  which  contain  considerable 
es  of  lithium  salts.  Thus,  W.  A.  Miller  found  as  much  as 
ramme  of  lithium  chloride  in  i  litre  of  the  water  of  a  spring 
Miruth  in  Cornwall 

)  of  Fonnatioil. — Lithium  is  obtained  by  the  electrolytic 
K>sition  of  the  fused  chloride.  For  this  purpose  the  dry 
ieated  in  a  porcelain  crucible,  when  it  melts  at  a  low  red 
a  mobile  liquid.  A  rod  oigas  carbon  is  made  the  positive 
le  ;  and  a  stout  iron  wire,  one  end  of  which  is  flattened  out, 
for  the  negative  pole,  upon  which  the  lithium  is  collected, 
sing  an  electric  current  through  the  molten  chloride,  the 
snns  as  a  bright  globule  upon  the  negative  electrode.  The 
withdrawn  and  quickly  dipped  beneath  petroleum,  and  the 
d  globule  of  lithium  is  then  cut  off  with  a  knife.  The 
i  metal,  in  its  passage  from  the  crucible  to  the  petroleum, 
scted  from  oxidation  by  the  film  of  fused  chloride  which 

lerties. — Lithium  is  a  soft,  silver-white  metal,  which  soon 
5s  on  exposure  to  the  air.  It  is  easily  cut  with  a  knife, 
ofter  than  lead,  but  harder  than  sodium.  It  may  be  pressed 
re,  and  two  pieces  of  the  metal  may  be  made  to  adhere, 
ed  together,  at  the  ordinary  temperature.     Lithium  is  the 

known  solid,  its  specific  gravity  being  0.59.  Its  extreme 
ss  is  illustrated  by  the  fact  that  the  metal  floats  upon 
mi,  a  liquid  which  itself  floats  upon  water.    Lithium  melts 

and  at  a  higher  temperature  it  takes  fire  and  burns  with 
t  white  light.  Lithium  decomposes  water  at  the  ordinary 
iture,  liberating  hydrogen  and  forming  lithium  hydroxide, 

but  when  a  fragment  of  the  metal  is  thrown  upon  cold 
:  does  not  melt,  and  even  with  boiling  water  the  action  is 
mded  by  inflanmiation  of  the  hydrogen. 
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When  strongly  heated  in  nitrogen  the  two  elements  unite,  viih 
feeble  combustion,  forming  lithium  nitride,  NLis. 

Lithiom  Oxide,  LijO,  is  fonned  when  the  metal  bums  in  tk 
air.  It  is  also  obtained  by  heating  the  nitrate.  It  dissolves  ii 
water,  forming  lithium  hydroidde,  Li  HO. 

Lithium  Hydroxide  is  produced  by  the  prolonged  boiling  of 
lithium  carbonate  with  milk  of  lime,  the  carbonate  of  this  metil, 
unlike  potassium  and  sodium  carbonates,  being  only  very  sligbth 
soluble  in  water. 

Lithium  Carbonate,  Li2C09,  is  obtained  as  a  white  predpiute 
when  a  solution  of  either  potassium,  sodium,  or  ammonium  or 
bonate  is  added  to  a  solution  of  either  chloride  or  nitrate  of 
lithium.  The  compound  is  only  slightly  soluble  in  cold  water,  lOO 
parts  of  water  at  13**  dissolving  o,^^  parts  of  the  carbonate. 

Lithium  Phosphate,  Li3P04,  is  precipitated  as  a  oTStalfine 
powder,  by  the  addition  of  hydrogen  disodium  phosphate  to  a 
solution  of  a  lithium  salt.  In  the  presence  of  sodium  hydroxide  the 
precipitation  is  complete,  and  the  formation  of  this  compound  is 
employed  as  a  quantitative  method  for  estimating  lithium.  The 
crystals  contain  2H2O,  which  they  lose  when  heated.  Lithima 
phosphate  is  soluble  in  nitric,  hydrochloric,  and  phosphoric  addss 
and  from  the  latter  solution,  on  evaporation,  the  dihydrogefi 
phosphate  is  deposited  (H2LiP04),  as  deliquescent,  and  very  solobk 
crystals.  The  chloride,  nitrate,  and  sulphate  of  lithium  are  obtained 
by  dissolving  the  carbonate  in  the  respective  adds.  The  salts 
are  readily  soluble  in  water. 

Rubidium  and  Caesium.*— These  two  rare  elements,  which  were  first  dis- 
covered by  Bimsen  in  the  waters  of  DUrkheim,  in  the  years  1860-^1,  are  act 
with,  associated  with  sodium  and  potassium,  in  certain  minerals,  such  »> 
lepidolites  (lithium  mica),  porphyrites,  and  in  camallite.  They  are  also  foond 
ill  many  mineral  waters,  in  the  mother  liquors  from  the  evapcxation  of  sa 
water,  and  in  the  ashes  of  plants.  Although  widely  distributed,  the  quantitie 
present  are  extremely  minute,  one  of  the  richest  lepidolites  in  which  that 
metals  occur,  containing  only  0.24  per  cent,  of  rubidium  oxide. 

The  rare  mineral  pollux^  a  silicate  of  aluminium  and  caesium,  cootainof 
also  iron  calcium  and  sodium,  is  the  only  known  mineral  in  which  either  cf 
these  two  elements  occurs  as  an  essential  constituent  The  analysts  of  Pisui 
(1864)  gives  34.07  per  cent,  of  caesium  oxide  in  this  substance. 

R\il)idinm  i>  obtained  by  heating  the  carbonate  with  carbon  (the  charm! 
tartrate),  as  in  the  cUier  method  lor  the  preparation  of  sodium  and  potassitiffl- 


*  For  detailed  descriptions  of  these  elements  and  their  compounds,  ibe 
student  is  referred  to  larger  works. 
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Caesimn  cannot  be  isolated  bjr  this  reaction,  but  is  obtained  by  the  electro- 
lysis of  the  fused  cyanide,  Cs{CN)  (mixed  with  barium  cyanide  in  order  to 
nender  it  more  readily  fusible).    Rubidium  melts  at  38.5,  caesium  at  26.5.    ^ 

Rubidium  gives  a  green  vapour,  and  when  sublimed  in  a  vacuous  tube  yields 
a.  thin  film  of  metal,  which  appears  deep  blue  by  transmitted  light :  when 
slowly  sublimed  in  this  vray  the  metal  forms  small  needle-shaped  crystals. 
The  compounds  of  these  metals  closely  resemble  those  of  potassium,  from 
which  they  can  only  be  distinguished  by  the  different  spectra  they  give. 


AJUONIUM  8ALT& 

The  monovalent  group  or  radical  (NH4)  is  capable  of  replacing 
one  atom  of  hydrogen  in  adds,  thereby  giving  rise  to  a  series  of 
salts  which  are  closely  analogous  to,  and  are  isomorphous  with, 
those  of  potassium.  The  radical  (NH4),  to  which  the  name 
atnnumium  is  given,  has  never  been  isolated.  When  an  amalgam 
of  sodium  and  meroiry  is  thrown  into  a  solution  of  ammonium 
chloride,  the  mercury  swells  up  into  a  honeycombed  or  sponge- 
like mass,  which  floats  upon  the  surface  of  the  liquid.  This  so- 
called  ammonium  amalgam  was  at  one  time  thought  to  be  a  true 
amalgam  of  mercury  with  the  metallic  radical  ammonium.  It  is 
now  grenerally  believed  to  consist  of  mercury  which  is  simply 
inflated  by  the  evolution  of  hydrogen  and  ammonia  gas.  When 
this  sponge-like  substance  is  subjected  to  changes  of  pressure,  it 
is  found  to  contract  and  expand  in  conformity  to  Boyle's  law :  its 
formation  may  be  represented  by  the  equation — 

HgxNay  -I-  yNH4Cl  -  yNaCl  -H  xHg  +  yNHj  +  yH. 

In  the  course  of  a  few  minutes  the  inflated  mass  shrinks  down, 
and  ordinary  mercury  remains  at  the  bottom  of  the  solution, 
hydrogen  and  ammonia  having  been  rapidly  evolved. 

The  anunonium  salts  are  obtained  for  the  most  part  from  the 
ammoniacal  liquor  of  the  gasworks.  This  material  is  treated  with 
lime,  and  distilled  ;  and  the  ammonia  so  driven  off  is  absorbed  in 
sulphuric  or  hydrochloric  acid,  giving  rise  to  ammonium  sulphate 
or  chloride. 

Ammonium  CMoride  (sal  ammomac\  NH4CI. — The  product 
obtained  by  absorbing  ammonia  from  gas  liquor  in  hydrochloric 
acid,  is  purified  by  sublimation.  The  crude  material  is  heated 
in  large  iron  pots,  covered  with  iron  dome-shaped  vessels,  into 
which  the  substance  sublimes.    Ammonium  chloride  crystallises  in 
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arborescent  or  Teni-like  crystals  (Fig.  135),  consisting  of  groopsef 
small  octahedra  belonging  to  the  regular  system. 

400  parts  of  water  at  10°  dissolve  33  8  parts,  and  at  Ico",  77  pa 
of  the  salt.     Od  boiling  the  aqueous  solution,  dissodalian  tt 
small  extent  takes  place,  and  a  portion  of  the  ammonia  esopa 
with  the  steam ;  the  solution  at  Uie  same  time  becoming  sligfaih 
acid. 


Ammonium  Sulphate(N  H,),SO,.— The  product  obtained  by  the 
nbsorpiion  of  ammonia  obtained  fi:om  gas  liquors,  by  sulphuiic 
acid,  is  purified  by  recrystallisation,  when  it  forms  colouricss 
rhombic  crystals,  isomorphous  with  potassium  sulphate.  100  pans 
of  water  at  the  ordinary  temperature  dissolve  Jo  parts  of  the  salt 
The  chief  use  of  ammonium  sulphate  is  for  agricultural  purposes, 
as  3  manure  ;  and  for  this  use  the  crude  salt,  as  first  obtained, 
which  is  usually  more  or  less  coloured  with  tarry  matters,  is  em- 
ployed    Ammonium  sulphate  is  also  used  for  the  preparation  of 
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ammonia  alum,  and  other  ammonium  compounds,  as  well  as  in 
the  ammonia-soda  process. 

Ammonium  CarbOIiates.~Commercial  ammonium  carbonate 
{sal  vo.'aiiie)  is  obtained,  by  heating  a  mixture  of  ammonium 
sulphate  and  ground  chalk  to  redness  in  horizontal  iron  retorts  or 
cylinders,  and  conducting  the  vapours  into  leaden  receivers  or 
chambers,  where  the  carbonate  condenses  as  a  solid  crust.  It  is 
afterwards  purified  by  resublimation,  when  it  is  obtained  as  a 
white  fibrous  mass.  This  substance  is  a  mixture  of  hydrogen 
ammonium  caibonate,  H(N (14)003,  and  ammonium  carbamate 
(N  H4)CO^NH^,  and  smells  strongly  ammoniacal.  When  treated 
with  alcohol  the  ammonium  carbamate  is  dissolved,  leaving  the 
carbonate  behind. 

Honnal  Ammonium  Carbonate,  (NH4)2CO„  is  obtained  from 

the  commercial  compound,  by  passing  ammonia  gas  into  a  strong 
aqueous  solution,  or  by  digesting  the  compound  in  strong  aqueous 
ammoma.  The  carbamate  present  is  converted  into  normal  car- 
bonate by  the  action  of  the  water,  thus — 

(NH|)CO,(NH,)  +  H,0  "  (NH4)C05(NH4)  =  {tm^jJZO^ ; 

and  the  ammonia  converts  the  bicarbonate  into  tlie  normal  salt, 
thus — 

HyNHJCOs  +  NH3  =  (NH4),C03. 

Normal  ammonium  carbonate  on  exposure  to  the  air  gives  off 
anunonia,  and  passes  back  into  hydrogen  ammonium  carbonate. 
When  heated  to  60*  the  salt  breaks  up  into  carbon  dioxide, 
ammonia,  and  water. 

HydFt^n  Ammonium  Carbonate,  H(NH4)C03,  may  also  be 

obtained  by  passing  carbon  dioxide  into  a  solution  of  the  normal 
salt— 

(NH4),C0,  +  CO,  +  H,0  =  2H(NH4)COs. 

It  forms  large  lustrous  crystals  belonging  to  the  rhombic  system, 
which,  when  dry,  do  not  smell  of  ammonia.  100  parts  of  water  at 
15*  dissolve  12.5  parts  of  this  salt.  At  ordinary  temperatures  this 
solution  on  exposure  to  the  air  slowly  gives  oH  carbon  dioxide,  and 
becomes  alkaline ;  and  when  heated  above  36"  the  liquid  begins  to 
effervesce,  owing  to  the  rapid  evolution  of  carbon  dioxide.  This 
salt  forms  with  the  normal  carbonate  a  double  salt,  analogous  to 
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sodium  sesquicarbonate,  and  having  the  composition  (NH4}|C0) 
2H(NH4)CO„  H,0. 

Ammonium  Thlocyanate,  NU4S(CN),  is  prepared  by  adding 
aqueous  ammonia  to  an  alcoholic  solution  of  carbon  disulphide, 
and  allowing  the  mixture  to  stand,  when  ammonium  thiocarbonate 
is  formed,  thus — 

6NHs  +  3H,0  +  3CS,  =  2(NH4),CS,  +  (NHJjCO,. 

On  heating  this  solution,  the  ammonium  thiocarbonate  is  de- 
composed with  evolution  of  sulphuretted  hydrogen — 

(NH4)jCSs  =  2Hj|S  +  NH^SCCN). 

Ammonium  thiocyanate  (known  also  as  ammonium  sulfko- 
cyanate)  forms  colourless  crystals,  which  are  extremely  soluble 
both  in  water  and  alcohol.  The  solution  in  water  is  attended  with 
considerable  absorption  of  heat :  thus,  if  20  grammes  of  the  saJl 
be  dissolved  in  25  cubic  centimetres  of  water  at  18^,  the  temperature 
of  the  liquid  falls  to  -  I3^ 


CIIAITKR   \' 

Till-    RLUMBSrS  OF  GI.OVV   L   {FAMILY   II.) 

Copper,  Cu 63.18 

Silver,  Ag 107.66 

Gold,  Au  196.8 

The  elements  of  this  family  present  many  striking  contrasts  to 

those  of  the  other  family  belonging  to  the  first  group.    These 

three  metals  are  not  acted  upon  by  oxygen,  or  by  water,  at 

ordinary   temperatures  ;    they  are  all   found  native  in  the  un- 

combined  state,  and  on  this  account  are  amongst  the  earliest 

metals  known  to  man.    The  alkali  metals,  on  the  other  hand,  are 

instantly  oxidised  on  exposure  to  air,  they  decompose  water  at 

the  ordinary  temperature,  are  never  found  native,  and  are  amongst 

the  most  rccentJy  discovered  metals.      With  the  exception  of 

sodium  and  potassium,  which  are  used  in  a  few  manufacturing 

processes,  the  alkali  metals,  as  such,  are  of  little  practical  service 

to  mankind,  whilst  the  metals  of  this  family  are  amongst  the  most 

useful  of  aU  the  metals,  and  are  the  three  universally  adopted  for 

coinage.     Many  of  the  compounds  of  the  elements  of  this  family, 

are  similarly  constituted  to  those  of  the  alkali  metals  :  thus,  with 

oxygen  and  with  sulphur  we  have  Cu^O,  Ag^O,  AujO,  and  CujS, 

AgjS,  Au^S,  corresponding  to  KjO  and  K^S. 

With   the  halogens   they  all  form    compounds   of  the   type 

RX.    Although  the  three  elements,  copper,  silver,  and  gold,  fall 

into  the  same  family,  upon  the  basis  of  the  periodic  classification 

of  the  elements,  diey  are  in  many  respects  widely  dissimilar. 

Thus,  silver  is  consistently  monovalent,  while  copper  is  divalent, 

fonning  compounds  of  the  type  CuX,,  and  gold  is  trivalent,  giving 

compounds  AuX^.    The  chlorides,  AgCl  and  CugCl,,  on  the  other 

hand,  are  both  insoluble  in  water,  are  both  soluble  in  ammonia, 

and  both  absorb  anmionia. 

In  many  of  their  physical  attributes,  these  metals  show  a  regular 
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gradation  in  their  properties.  Thus,  as  regards  malleability  and 
ductility,  silver  is  intermediate  between  copper  and  gdd,  the 
latter  possessing  these  properties  in  the  highest  degree.  With 
respect  to  their  tenacity,  silver  is  again  intermediate,  copper  bdog 
the  most,  and  gold  the  least  tenacious  of  the  three. 


Ruby  ore 

.    Cu«0. 

Copper  glance 

.     Cu.S. 

Copper  pyrites 

.    Cu2S,Fe;,S3. 

COPFEB. 

Symbol,  Cu.    Atomic  weight  =63.18. 

Occurrence. — Copper  is  foimd  in  the  elementary  conditioQ  in 
various  parts  of  the  world,  notably  in  the  neighbourhood  of  Lake 
Superior,  where  native  copper  occurs  in  enormous  masses.  In 
combination,  copper  is  a  very  abundant  element,  and  is  widely 
distributed,  the  most  important  of  these  natural  compounds  beiDg 
the  following — 

Purple  copper  ore  dCUjS.FejS^ 
Malachite .        .     CuCO,,Cu(H0)|. 
Azuriie      .        .    2CuCO„Cu(H0U 

Modes  of  Formation.  —  The  methods  by  which  copper  is 
obtained  from  its  ores,  vary  with  the  nature  of  the  ore.  From 
ores  containing  no  sulphur,  such  as  the  carbonates  and  oxid& 
the  metal  may  be  obtained  by  a  method  known  as  the  reducin:; 
process^  which  consists  in  smelting  down  the  ore  in  a  blast-fumacc 
with  coal  or  coke,  when  the  metal  is  reduced  according  to  the 
equation — 

CujO  +  C  =  CO  +  2Cu. 

In  the  case  of  mixed  ores,  containing  sulphides,  the  process 
(known  as  the  English  method)  consists  of  six  distinct  stages— 

(i.)  The  ores,  which  contain  on  an  average  30  per  cent,  of  iron 
and  13  of  copper  (the  remainder  being  chiefly  sulphur  and  silicaV 
are  first  calcined  ;  usually  in  a  reverberatory  furnace,  whereby  a 
portion  of  the  sulphur  is  burnt  to  sulphur  dioxide,  and  the  metils 
are  partially  oxidised. 

(2.)  The  second  step  consists  in  fusing  the  calcined  ore  ;  when 
the  copper  oxides,  formed  during  calcination,  react  upon  a  portion 
of  the  ferrous  sulphide  with  the  formation  of  cuprous  sulphide 
and  ferrous  oxide,  thus — 

CU2O  +  FeS  =  Cu,S  +  FeO. 
2CuO  +  2FeS  =  Cu^S  +  2FcO  +  S. 
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The  oxide  of  iron  combines  with  the  silica  already  present  (or 
which  is  added  in  the  form  of  metal  slag  obtained  from  the  fourth 
process)  to  form  a  fusible  silicate  of  iron,  or  slag,  which  contains 
little  or  no  copper.  This  is  run  off,  and  a  fused  regulus  remains, 
consisting  of  cuprous  and  ferrous  sulphides,  known  as  coarse-metal^ 
and  containing  from  50  to  35  per  cent,  of  copper.  This  molten 
regulus,  which  has  a  composition  very  similar  to  copper  pyrites, 
is  usually  allowed  to  flow  into  water,  whereby  it  is  obtained  in  a 
granulated  condition  fovourable  for  the  next  operation. 

(3.)  The  third  step  consists  in  calcining  the  granulated  coarse- 
metal  ;  the  result,  as  in  the  first  calcination,  being  the  removal  of 
a  part  of  the  sulphur  as  sulphur  dioxide,  and  the  partial  oxidation 
of  the  metals. 

(4.)  The  calcined  mass  is  next  fused  along  with  refinery-stagy 
which  results  in  the  production  of  a  regulus  consisting  of  nearly 
pure  cuprous  sulphide,  the  greater  part  of  the  iron  having  passed 
into  the  slag  (known  as  metat-slag).  This  regulus,  called  yf;;^- 
meialf  or  white-metal^  contains  from  60  to  75  per  cent,  of  copper. 

(5.}  The  fifth  operation  consists  in  roasting  the  ^*  white-metal  ^ 
in  a  reverberatory  furnace.  A  portion  of  the  cuprous  sulphide  is 
here  oxidised  into  cuprous  oxide,  which,  as  the  temperature  rises, 
reacts  upon  another  portion  of  cuprous  sulphide,  thus — 

2CUj|0  +  CujS  =  6Cu  +  SO,. 

At  the  same  time  any  remaining  ferrous  sulphide  is  converted  into 

oxide,  thus — 

3CU2O  +  FeS  =  6Cu  +  FeO  +  SOj. 

The  metallic  copper  so  obtained,  presents  a  blistered  appearance, 
and  on  this  account  is  known  as  blister-copper, 

(6.)  This  impure  copper  is  lastly  subjected  to  a  refining  process. 
For  this  purpose  it  is  melted  down  upon  the  hearth  of  a  reverbera- 
tory furnace,  in  an  oxidising  atmosphere.  The  impurities  present 
in  the  metal,  such  as  iron,  lead,  and  arsenic,  are  the  first  to  oxidise ; 
and  the  oxides  either  volatilise,  or  combine  with  the  siliceous  matter 
of  which  the  furnace  bed  is  composed,  forming  a  slag,  which  is 
removed.  The  oxidation  is  continued  until  the  copper  itself  begins 
to  oxidise,  when  the  oxide  so  formed  reacts  upon  any  remaining 
cuprous  sulphide  with  the  reduction  of  copper  and  the  evolution  of 
sulphur  dioxide,  according  to  the  above  equation.  The  metal  at 
this  stage  is  termed  dty  copper;  and  in  order  to  reduce  the  copper 
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oxide  which  it  still  contains,  the  molten  mass  is  stirred  with  poles 
of  wood,  and  a  quantity  of  anthracite  is  throwQ  upon  the  surfiure  to 
complete  the  reducing  process.  [ 

Wet  Process. — Copper  is  extracted  from  the  burnt  pyrites, 
obtained  in  enormous  quantities  in  the  manufacture  of  sulphunc 
acid,  which  contains  about  3  per  cent  of  copper.  Although  too 
poor  in  copper  to  be  submitted  to  the  smelting  process,  it  is 
found  that  when  calcined  with  12  to  15  per  cent,  of  common  salt, 
the  copper  is  all  converted  into  cupric  diloride.  On  lixiviating  the 
calcined  mass  with  water,  the  cupric  chloride  goes  into  solution,  and 
metallic  copper  can  be  precipitated  from  it  by  means  of  scrap-iron. 

Properties. — Copper  is  a  lustrous  metal,  having  a  characteristic 
reddish-brown  colour.  The  peculiar  copper-red  colour  of  the  metal 
is  best  seen,  by  causing  the  light  to  be  several  times  reflected  from 
the  surface  before  reaching  the  eye. 

Native  copper  is  occasionally  found  crystallised  in  regular  octa- 
hedra,  and  small  crystals  of  the  same  form  may  be  artificially 
obtained,  by  the  slow  deposition  of  the  metal  from  solutions  of  its 
salts  by  processes  of  reduction. 

Copper  is  an  extremely  tough  metal,  and  admits  of  being  dravm 
into  fine  wire,  and  hammered  out  into  thin  leaf.  Its  ductility  and 
malleability  are  greatly  diminished  by  admixture  with  even  minute 
ciuantities  of  impurities.  When  heated  nearly  to  its  melting-point, 
copper  becomes  sufficiently  brittle  to  be  powdered.  Tlie  specific 
gravity  of  pure  copper,  electrolytically  deposited,  is  8.945,  which 
by  hammering  is  increased  to  8.95. 

Copper  is  only  slowly  acted  upon  by  exposure  to  dry  air 
at  ordinary  temperatures  ;  but  in  the  presence  of  atmospheric 
moisture  and  carbon  dioxide,  it  becomes  coated  with  a  greenish 
basic  carbonate.  When  heated  in  air  or  oxygen,  it  is  converted 
into  black  cupric  oxide,  which  flakes  off  the  surface  in  the  form  of 
scales.  When  volatilised  in  the  electric  arc,  copper  gives  a  vapour 
having  a  rich  emerald  green  colour. 

Copper  is  readily  attacked  by  nitric  acid,  either  dilute  or  con- 
centrated, with  the  formation  of  copper  nitrate  and  oxides  of 
nitrogen  (page  221). 

Dilute  hydrochloric  and  sulphuric  acids  are  without  action  upon 
copper  when  air  is  excluded,  but  slowly  attack  it  in  the  presence 
of  air,  or  in  contact  with  platinum.  Cold  concentrated  sulphuric 
acid  docs  not  act  upon  copper ;  but,  when  heated,  copper  sulphate 
and  sulphur  dioxide  are  formed  (page  yj^)* 
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divided  copper  is  slowly  dissolved  by  boiling  concen- 
Irochloric  acid,  with  evolution  of  hydrogen  and  formation 
\  chloride : — 

2Cu  +  2HC1  =  CujCl,  +  H^ 

presence  of  air,  copper  is  acted  upon  by  a  solution  of 
the  oxide  dissolving  in  the  ammonia  forming  a  deep 

ion. 
is  an  extremely  good  electric  conductor,  being  only 

\  silver  in  this  respect ;  it  is  therefore  extensively  em- 

r  cables,  or  leads,  for  purposes  of  telegraphy  and  electric 

possesses  the  property,  in  a  high  degree,  of  being  de- 
\  a  coherent  form  by  the  electrolysis  of  solutions  of  its 
1  this  account  it  is  extensively  used  in  processes  of 
ling. 

of  Copper. — The  most  extensive  use  of  copper  is  in 
tion  of  certain  alloys,  many  of  which  are  of  great  technical 
he  following  are  among  the  most  important : — 
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of  Copper. — Two  oxides  of  copper  are  well  known, 
uprous  oxide  {copper  sub-oxide\  CujO,  and  cupric  oxide 
<moxide\  CuO. 

IS  Oxide,  CujO,  occurs  native  as  red  copper  ore.  It  is 
hen  finely  divided  copper  is  gently  heated  in  a  current 
vhen  a  mixture  of  cuprous  chloride  and  sodium  carbonate 
heated  in  a  covered  crucible. 

CujQj  +  NajCOj  =  2NaCl  +  COj  +  Cu,0. 

IS  oxide  is  also  obtained  when  an  alkaline  solution  of  a 
It  is  reduced  by  grape  sugar. 

IS  oxide  is  insoluble  in  water ;  it  is  converted  into  cuprous 
by  strong  hydrochloric  acid.    Nitric  acid  converts  it  into 
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cupric  nitrate  with  the  evolution  of  oxides  of  nitrogen.  When 
acted  upon  by  dilute  sulphuric  add,  it  is  partly  reduced  to  metalfic 
copper,  and  partly  oxidised  into  copper  sulphate,  thus — 

Cu,0  +  HJ1SO4  =  CUSO4  +  Cu  +  H,a 

When  heated  with  the  strong  add  it  is  entirely  oxidised,  thus— 

CujO  +  3HsS04  =  2CUSO4  +  SO,  +  3H,0. 

Cuprous  oxide  fuses  at  a  red  heat,  and  when  melted  with  glassi 
imparts  to  the  latter  a  rich  ruby-red  colour. 

Cnprie  Oxide,  CuO,  occurs  as  the  rather  rare  mmeral,  tenoriU* 
It  is  formed  when  copper  is  strongly  heated  in  the  air  or  in  oxygen, 
or  by  gently  igniting  either  the  nitrate,  carbonate,  or  hydroxide. 
It  is  a  black  powder,  which  rapidly  absorbs  nntoisture  from  the 
air.  When  heated,  it  first  cakes  together  and  finally  tooKk^ 
giving  up  a  part  of  its  oxygen,  and  leaving  a  residue  consisung 
of  CuO,2Cu20. 

When  heated  in  a  stream  of  carbon  monoxide,  marsh  gas,  or 
hydrogen,  it  is  reduced  to  the  metallic  state.  Similarly,  when 
mixed  with  organic  compounds  containing  carbon  and  hydrogen, 
it  oxidises  these  elements  to  carbon  dioxide  and  water,  itself  being 
reduced  :  on  this  property  depends  its  use  in  the  ultimate  analysis 
of  organic  compounds. 

Cupric  Hydroxide,  Cu(H0)2,  is  the  pale  blue  precipitate  pro- 
duced when  sodium  or  potassium  hydroxide  is  added  in  excess  to  a 
solution  of  a  copper  salt.  The  compound,  when  washed,  may  be 
dried  at  100"  without  parting  with  water  ;  but  if  the  liquid  in  which 
it  is  precipitated  be  boiled,  the  compound  blackens,  and  is  con- 
verted into  a  hydrate  having  the  composition  Cu(HO)j,2CuO. 
Cuprous  hydrate  dissolves  in  ammonia,  forming  a  deep  blue  liquid, 
which  possesses  the  property  of  dissolving  cellulose  (cotton  wool, 
filter  paper,  &c) 

Salts  of  Copper. — Copper  forms  two  series  of  salts,  namely, 
cuprous  and  cupnc  salts.  The  former,  which  are  colourless, 
readily  pass  by  oxidation  into  cupric  salts,  and  serve  therefore 
as  powerful  reducing  agents,  and  are  mostly  insoluble  in  water. 
The  cupric  salts  in  the  hydrated  condition,  are  either  blue  or 
green  in  colour  ;  the  anhydrous  cupric  salts  are  colourless  or 
yellow.  The  normal  salts  are  mostly  soluble  in  water.  Copper 
salts  inipart  to  a  non-luminous  flame  a  blue  or  green  colour,  and 
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on  this  account  are  employed  in  pyrotechny.  The  soluble  salts 
are  poisonous. 

Caprous  Chloride,  CugCl,,  may  be  obtained  by  dissolving 
cuprous  oxide  in  hydrochloric  acid.  It  b  more  readily  prepared 
by  boiling  a  solution  of  cupric  chloride  in  hydrochloric  acid, 
with  copper  turnings  or  foil.  The  nascent  hydrogen,  liberated  by 
the  action  of  the  hydrochloric  add  upon  the  copper,  reduces  the 
cupric  chloride  to  cuprous  chloride.  The  liquid  is  then  poured 
into  water,  which  causes  the  precipitation  of  the  cuprous  chloride 
as  a  white  crystalline  powder. 

A  mixture  of  zinc  dust  and  copper  oxide  added  to  strong  hydro- 
chloric acid,  also  yields  cuprous  chloride,  the  nascent  hydrogen  in 
this  case  being  derived  from  the  action  of  the  acid  upon  the  zinc, 
and  this  causes  the  reduction  of  cupric  chloride  formed  by  the 
action  of  the  acid  upon  the  cupric  oxide. 

Cuprous  chloride  melts  when  heated,  and  volatilises  without 
decomposition.  It  is  insoluble  in  water,  but  dissolves  in  hydro- 
chloric add,  ammonia,  and  alkaline  chlorides.  These  solutions,  on 
exposure  to  the  air,  absorb  oxygen,  turning  first  brown,  and  finally 
depositing  a  greenish-blue  precipitate  of  copper  oxychloride, 
CuClsf3CuO,4H20.  This  compound  occurs  native  as  the  mineral 
aiacatnite.  Solutions  of  cuprous  chloride  also  absorb  carbon  mon- 
oxide, forming  a  crystalline  compound,  believed  to  have  the  com- 
position, COCu2Cls,2H20.  They  also  absorb  acetylene  (see  page 
280). 

Cuprous  bromide,  Cu2Br2 ;  iodide,  CU2I2 ;  and  fluoride,  CU2F2, 
are  also  known. 

Cupric  Chloride,  CUCI2. — This  compound  is  formed  when 
copper  is  dissolved  in  nitro-hydrochloric  add,  or  when  cupric 
oxide,  carbonate,  or  hydroxide,  are  dissolved  in  hydrochloric  acid. 
It  is  also  produced  when  copper  is  burnt  in  chlorine. 

Cupric  chloride  is  readily  soluble  in  water,  forming  a  deep  green 
solution,  which,  on  being  largely  diluted,  turns  blue.  The  salt 
crystallises  in  green  rhombic  prisms,  with  2H2O.  When  healed, 
it  loses  its  water,  and  at  a  dull  red  heat  is  converted  into  cuprous 
chloride,  with  evolution  of  chlorine  (see  page  317). 

Cupric  chloride  forms  three  compounds  with  ammonia.  The 
anhydrous  salt  absorbs  ammonia  gas,  forming  a  blue  compound, 
CuCl2,6NH3.  When  ammonia  is  passed  into  aqueous  cupric 
chloride,  the  solution  deposits  deep  blue  quadratic  octahedral 
crystals  of  the  compound,  CuCl2,4NHs,H20.     Both  these  sub- 
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stances,  when  moderately  heated,  yield  the  green  compound 
CuCljySNHs,  which  at  a  higher  temperature  is  decomposed, 
thus — 

6(CuClft2NH3)  =  3CujCl,  +  6NH4a  +  4NH,  +  N,. 

Cupric  bromide,  CuBr,,  and  fluoride,  CuF^,  are  known,  hot  tbe 
iodide  is  unknown. 

Cuprie  Nitrate,  Cu(NOs)t,3H20,  may  be  obtained  by  the 
action  of  nitric  acid  upon  cupric  oxide,  hydroxide,  carbonate,  or 
the  metal  itsel£  It  is  deposited  from  the  solution  in  deep  bloe 
deliquescent  crystals,  soluble  in  alcohol  When  heated  to  abont 
65**,  the  crystals  lose  nitric  acid  and  water,  and  are  converted  iato 
the  basic  nitrate,  Cu(N0^3Cu(HO)2.  The  nonnal  salt,  there- 
fore, cannot  be  obtained  anhydrous.  Cupric  nitrate  is  a  canstiCi 
powerfully  oxidising  substance.  If  the  moist  salt  be  nibbed  in  a 
mortar  with  a  quantity  of  tinfoil,  the  tin  is  quickly  converted  into 
oxide,  with  considerable  rise  of  temperature.  When  a  solution 
containing  copper  nitrate  and  ammonium  nitrate  is  evaporated,  the 
mixture  suddenly  deflagrates  when  a  certain  degree  of  concentra- 
tion is  reached. 

Cuprie  Sulphate  {blue  vitriol)^  CuS04,6HjO,  is  the  most 
important  of  all  the  copper  salts.  It  is  formed  when  either  the 
metal  or  the  oxide  is  dissolved  in  sulphuric  acid.  On  a  com- 
mercial  scale,  it  is  obtained  from  waste  copper  by  first  converting 
the  metal  into  sulphide,  by  heating  it  in  a  furnace,  and  throwing 
sulphur  upon  the  red-hot  metal.  Air  is  then  admitted,  and  the 
sulphide  is  thereby  oxidised  into  sulphate,  which  is  dissolved  in 
water,  and  crystallised. 

It  is  also  manufactured  from  the  sulphur  ores  of  copper,  by 
roasting  them  under  such  conditions  that  the  iron  is  for  the  most 
part  converted  into  oxide,  while  the  copper  is  oxidised  to  sulpliate 
On  lixiviating  the  roasted  mass,  the  copper  sulphate,  with  a  certain 
amount  of  ferrous  sulphate,  is  dissolved  out  The  ores  may 
also  be  roasted  so  as  to  convert  both  the  metals  into  oxides; 
the  mass  is  then  treated  with  "chamber  acid,**  which  dissolves 
copper  oxide,  leaving  the  iron  oxide  for  the  most  part  unacted 
upon. 

Cupric  and  ferrous  sulphates  cannot  be  entirely  separated  by 
crystallisation,  as  a  solution  of  these  salts  deposits  a  double 
sulphate  of  the  two  metals.  If,  however,  the  amount  of  iron  pre- 
sent is  comparatively  small,  the  first  crop  of  crystals  obtained,  ib 
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ly  pure  copper  sulphate.  The  copper  is  removed  from 
er  liquors  by  precipitation  upon  plates  of  iron,  and  the 
I  obtained  is  converted  into  sulphide,  as  above  described. 
'  sulphate  forms  large  blue  asymmetric  (Jriclinic)  crystals, 
|0.  At  100*  it  is  converted  into  a  bluish- white  salt, 
jO,  and  at  220*  to  240*  it  becomes  anhydrous.  The 
s  salt  is  white,  and  extremely  hygroscopic,  and  is  used 
the  detection  and  removal  of  small  quantities  of  water 
c  liquids. 

mdred  parts  of  water  at  10*  dissolve  36.6  parts,  and  at 
3  parts,  of  the  crystallised  salt 

I  basic  sulphates  of  copper  are  known  :  thus,  when  the 
lit  is  submitted  to  prolonged  heating,  it  is  converted  into 
>hous  yellow  powder,  consisting  of  CuS04,CuO,  which, 
own  into  cold  water,  forms  an  insoluble  green  compound, 
3u(H0)s,  and  on  treatment  with  boiling  water  yields 
3u(H0)^  Copper  sulphate  forms  several  compounds 
lonia.  Thus,  the  anhydrous  salt  readily  absorbs  ammonia 
ning  the  compound,  CuS04,5NH8.  When  excess  of 
is  added  to  a  solution  of  copper  sulphate,  the  deep  blue 
deposits  blue  crystals  of  CuSo4,H,0,4NH3.  At  150* 
pound  is  converted  into  CuS04,2NH3,  and  at  200*  it 
more  molecule  of  ammonia,  leaving  CuS04,NH|.> 
)  Carbonates. — The  normal  carbonate  has  not  been 
The  two  most  important  basic  carbonates  are  (i) 
!u(H0)2,  occurring  native  as  malachite^  and  obtained  when 
arbonate  is  added  to  a  solution  of  copper  sulphate  (the 
posit  which  appears  upon  copper,  when  exposed  to  atmos- 
oisture  and  carbon  dioxide  {^erdigris\  is  the  same  com- 
and  (2)  2CuCOs,Cu(HO)2,  occurring  as  the  mineral  azuriU, 
Ides  of  Copper. — Two  sulphides  are  known,  correspond- 
e  two  oxides. 

w  sulphide^  CujS,  occurs  in  nature  as  copper  glatue^ 
brm  of  grey  metallic-looking  rhombic  crystals.  It  is 
I  when  copper  bums  in  sulphur  vapour,  or  when  an 
'  copper  filings  is  heated  with  sulphur. 
'  Sulphide^  CuS,  is  met  with  in  nature  as  the  mineral  indigo- 
It  is  obtained  when  either  copper  or  cuprous  sulphide  is 
ith  sulphur  to  a  temperature  not  beyond  1 14*" ;  so  obtained, 
K)und  is  blue.  As  a  black  precipitate,  it  is  formed  when 
tted  hydrogen  is  passed  into  solutions  of  cupric  salts. 

2  K 
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SiLyES. 

Sjrmbol,  Ag.    Atomic  weight  =  Z07.66. 

Occorrenee.  —  Silver  is  found  uncombined,  occasionaDy  n 
masses  weighing  several  cwts.  Such  native  silver  usuaUy  contuos 
copper,  gold,  and  other  metals. 

Amongst  the  more  important  natural  compounds  of  silver  are 
the  following : — 

Kx%tXiiL\\ity  ox  silvir  glance      .        .  AgfS. 

Pyrargyrite,  or  ruby  silver  ore       .  3AgsS,Sb^Ssi  or  AgsSbSi^ 

Proustite,  or  lighl-red  silver  ore  SAg^S, As^Sj  »,  Ag^AsSj^ 

Stephanite SAg^.SbiS,   „  Ag^SbS^ 

Polybasite       .....  9(Ag,S,Cu,S),Sb,S»As,Sr 

Stromeyerite AgsS^Cu^S. 

Horn  silver AgCl. 

Silver  is  present  also  in  most  ores  of  lead,  notably  with  galenA 
(lead  sulphide) ;  argentiferous  lead  ores  constituting  one  of  the 
main  supplies  of  silver. 

Modes  of  Formation. — This  element  may  be  obtained  from 
its  salts  by  the  electrolysis  of  their  aqueous  solutions.  The  metal 
is  so  readily  reduced  from  its  compounds,  that  many  organic 
substances,  such  as  grape  sugar,  aldehyde,  certain  tartrates,  &c, 
are  capable  of  effecting  its  deposition.  When  a  strip  of  zinc  is 
introduced  into  silver  nitrate  solution,  the  silver  is  at  once  de- 
posited upon  the  zinc  as  a  crystalline  mass. 

Pure  silver  for  analytical  purposes  may  be  prepared  by  pre- 
cipitating silver  chloride,  by  the  addition  of  hydrochloric  acid  to 
a  solution  of  the  nitrate,  and  reducing  the  chloride  by  boiling  with 
sodium  hydroxide  and  sugar,  or  by  means  of  metallic  zinc  In 
this  way  the  metal  is  obtained  as  a  fine  grey  powder.  The 
chloride  may  also  be  reduced  by  fusion  with  sodium  carbonate, 
when  the  silver  is  obtained  as  a  button  at  the  bottom  of  the 
crucible.  The  methods  by  which  silver  is  obtained  from  its  ores 
are  very  varied  ;  they  may,  however,  be  classed  under  three  heads, 
namely — 

1.  Processes  involving  the  use  of  mercury.  (Amalgamatioi] 
processes.) 

2.  Processes  by  means  of  lead. 
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3.  Wet  processes. 

(i.)  Amalgamation  Proeesses.— These  depend  upon  the  fact 
that  certain  compounds  of  silver  are  reduced  by  mercury.  The 
reduced  silver  then  dissolves  in  the  mercury,  forming  an  amalgam, 
from  which  the  silver  is  obtained,  and  the  mercury  recovered  by 
distillation.  The  process,  as  still  carried  on  in  Mexico  and  South 
America,  is  the  following.  The  ore  is  first  crushed  and  then 
ground  to  a  fine  powder  with  water,  and  the  mud  so  obtained  is 
mixed  with  3  to  5  per  cent  of  conunon  salt,  and  spread  upon  the 
floor  of  a  circular  paved  space,  the  mixing  being  effected  by  the 
treading  of  mules.  After  the  lapse  of  a  day,  mercury  is  added, 
together  with  a  quantity  of  roasted  pyrites  (known  as  magistral^ 
and  consisting  of  a  crude  mixture  of  cupric  and  ferric  sulphates 
and  oxides),  and  the  materials  thoroughly  incorporated.  Fresh 
oaercury  is  added  from  time  to  time,  during  the  several  days 
required  for  the  completion  of  the  chemical  decompositions  that 
take  place.  The  exact  nature  of  these  changes  is  not  thoroughly 
understood,  but  it  is  probable  that  they  involve  first  the  formation 
of  copper  dilorides,  by  double  decomposition  between  the  copper 
sulphate  and  sodium  chloride,  and  the  subsequent  action  of  these 
upon  the  silver  sulphide  present  in  the  ore,  thus — 

2CuCl,  +  AgjS  =  2AgCl  +  CujCla  +  S. 
Cu^Cls  +  Ag,S  -  2AgCl  +  CujS. 

The  silver  chloride  dissolves  in  the  sodium  chloride  present,  and 
is  reduced  by  the  mercury,  with  the  production  of  mercurous 
diloride  {calomel)^  which  is  ultimately  lost  in  the  washing — 

2AgCl  +  2Hg  =  HgjClj  +  2Ag. 

The  amalgam  is  first  washed,  and  freed  fix>m  adhering  particles 
of  mineral,  and  b  then  filtered  through  canvas  bags,  whereby  the 
excess  of  mercury  is  removed.  The  solid  residue,  containing  the 
silver,  is  then  submitted  to  distillation. 

In  other  amalgamation  processes  the  ore  is  first  roasted  with 
salt,  in  order  to  convert  tfie  silver  into  chloride.  The  roasted 
ore  is  reduced  to  fine  powder  with  water,  and  introduced  into 
revolving  casks  along  with  scrap  iron,  when  the  chloride  is  reduced 
according  to  the  equation — 

2AgCl  +  Fe  =  2Ag  +  FeClj, 
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and  the  reduced  silver  is  then  extracted  by  the  addition  of  mercmy, 
with  which  it  amalgamates. 

In  the  modem  amalgamation  process,  the  finely  crushed  ore,  with 
water,  is  placed  in  iron  pans  provided  with  revolving  machineiy, 
which  serves  the  purpose  of  further  grinding,  and  also  of  mixing: 
When  the  ore  is  reduced  to  an  almost  impalpable  powder,  mercoiy 
is  added)  and  the  machinery  is  kept  in  operation  for  a  few  horns, 
when  the  amalgamation  is  complete  ;  sometimes  conunon  salt  and 
copper  sulphate  are  added,  either  together  or  singly.  Their  pre- 
sence does  not  appear  to  be  necessary  to  the  process,  except  in  to 
far  as  they  aid  in  keeping  the  surface  of  the  mercury  dean,  or 
"  quick ; "  for  in  the  extremely  finely  divided  condition  to  which  the 
ore  is  reduced  in  this  "pan"  amalgamation  process,  the  sihrer 
sulphide  is  readily  acted  upon  by  mercury,  with  the  fomuuion  of 
mercuric  sulphide — 

Ag,S  +  Hg  =  HgS  +  2Ag, 

and  the  silver  so  reduced,  dissolves  in  the  excess  of  mercury,  from 
which  it  is  finally  separated  by  distillation. 

(2.)  Processes  by  Means  of  Lead.— When  silver  ores  are 
smelted  with  lead,  or  with  materials  which  yield  metallic  lead  ;  in 
other  words,  when  silver  ores  are  smelted  with  lead  ores,  an  alloy  of 
silver  and  lead  is  obtained,  from  which  the  silver  can  be  separated 
When  the  argentiferous  lead  is  rich  in  silver,  the  alloy  is  submitted 
to  cupellation^  which  consists  in  heating  the  metal  in  a  reverbeia- 
tory  furnace,  the  hearth  of  which  consists  of  a  movable,  oval-shaped, 
shallow  dish,  made  of  bone  ash,  known  as  a  cupel^  or  test  The 
alloy  is  fed  into  this  cupel  from  a  melting-pot,  and  a  blast  of  air  is 
projected  upon  the  surface  of  the  molten  metal.  The  lead  is  thus 
converted  into  litharge,  and  the  melted  oxide,  by  the  force  of  the 
blast,  is  made  to  ovcrllow  into  iron  pots.  As  the  oxidation  of  the 
lead  reaches  completion,  the  thin  film  of  litharge  begins  to  exhibit 
iridescent  interference  colours,  which  presently  disappear,  leading 
the  brilliant  surface  of  the  melted  silver.  The  sudden  appearance 
of  the  bright  metallic  surface  is  known  as  \ki^  flashing  of  silver. 

In  the  case  of  argentiferous  lead  too  poor  in  silver  to  be  directly 
cupelled,  the  alloy  is  submitted  to  one  of  two  processes  of  con- 
centration, namely,  the  Pattinson  process^  or  the  Parkess proass. 

The  Paitinson  process  for  desilverising  lead,  depends  upon  the 
fact  that  alloys  of  silver  and  lead  have  a  lower  melting-point  than 
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ire  lead,  and  therefore  when  argentiferous  lead  is  melted  and 
lowed  to  cool,  the  crystals  which  first  form,  consist  of  lead  which 

nearly  or  quite  pure,  and  the  greater  part  of  the  silver  is  in 
le  still  liquid  portion.  The  operation  is  carried  out  in  a  row  of 
on  pots.    A  quantity  of  the  metal  is  melted  in  one  pot,  and  as 

cools,  the  crystals  which  begin  to  form  are  removed  by  means 
f  a  perforated  iron  ladle,  and  transferred  to  the  next  pot  on 
le  side.  This  operation  is  continued  until  a  definite  proportion 
ither  two-thirds  or  seven-eighths,  depending  upon  the  propor- 
on  of  silver)  has  been  removed.  The  residue  is  then  transferred 
» the  neighbouring  pot  on  the  opposite  side,  and  a  second  charge 
lelted  up  in  the  first  pot.  As  the  neighbouring  pots  fill  up,  they 
re  similarly  treated,  and  in  this  way  an  alloy,  gradually  becoming 
cher  and  richer  in  silver,  is  passed  along  in  one  direction,  and 
urer  and  purer  lead  is  sent  in  the  opposite  way.  The  rich  alloy 
I  then  cupelled. 

The  Parkers  process  depends  upon  the  fact  that  when  zinc  is 
dded  to  a  melted  alloy  of  lead  and  silver,  the  zinc  deprives  the 
ad  of  the  silver,  and  itself  forms  an  alloy  with  it.  The  alloy  of 
nc  and  silver  rises  to  the  surface,  and  is  the  first  portion  to  solidify, 
nd  can  be  removed.  The  operation  is  carried  out  in  iron  pots. 
"he  argentiferous  lead  is  melted,  and  a  quantity  of  zinc  is 
loroughly  stirred  into  the  molten  mass,  the  amount  of  zinc 
epending  upon  the  richness  of  the  lead.  As  the  mixture  cools, 
le  first  portions  to  solidify  are  skimmed  off  with  a  ladle,  and 
ansferred  to  another  pot.  These  skimmings,  consisting  of  zinc, 
liver,  and  lead,  are  first  liquated  ;  that  is,  carefully  heated  to  such 

temperature  that  the  adhering  lead  melts,  and  flows  away  from 
le  less  fusible  zinc  silver  alloy.  The  solid  alloy  is  then  distilled, 
od  the  residue,  consisting  of  silver  and  lead,  is  submitted  to 
upellation. 

(3.)  Wet  Processes  {Ziervogel  Process). — When  argentiferous 
yrites,  or  an  artificially  formed  regulus  containing  sulphides  of 
Iver,  copper,  and  iron,  is  roasted,  the  sulphides  are  first  converted 
ito  sulphates  ;  and,  as  the  roasting  continues,  first  the  iron,  then 
le  copper,  and  lastly,  the  silver  sulphate  is  converted  into  oxide, 
ly  careful  regulation,  the  process  is  continued  until  the  whole 
f  the  iron  and  a  part  of  the  copper  sulphates  are  decomposed, 
^n  lixiviating  the  roasted  mass  with  water,  the  silver  sulphate, 
>gether  with  the  remaining  copper  sulphate,  dissolves.  From 
lis  solution  the  silver  is  precipitated  by  scrap  copper. 
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The  copper  is  recovered  from  the  solution  by  predpitukm  nth 

The  Ptrcy-Paiera  Proast.— In  this  method  the  ore  is  rotkited 
with  salt,  and  tlie  silver  chloride  so  fonned  is  then  extracted  bf 
means  of  sodium  thiosulphate — 

Na,S,0,  +  AgCI  -  Naa  +  NaAgS,0^ 

To  the  solution  so  obtained,  sodium  or  calcium  sulphide  is  idded, 
which  preciptates  silver  sulphide — 

2NaAgS,0,  +  Na^  =  Ag^  +  8Na,SiO» 

The  silver  sulphide  is  then  reduced  by  being  roasted  in  a  !«««■ 
beratoiy  furnace. 

Properties.— Silver  is  a  lustrous  white  metal,  which  ^^ean 
yellow  when  the  light  is  reflected  many  times  from  its  siabtx 
before  reaching  the  eye.  It  a 
unacted  upon  by  atmospheric  oxy- 
gen, but  quickly  becomes  tamishd 
by  traces  of  sulphuretted  hydrogen 
in  the  air.  Silver  has  the  highest 
conductivity  for  heat  and  elearkity 
of  all  the  meials.  It  is  extremely 
malleable  and  ductile,  being  second 
only  to  gold.  Thin  films  of  sil»er 
F[G.  136.  appear  blue  by  transmitted   light 

Silver  melts  at  954°,  and,  when 
healed  by  the  oxyhydrogen  flame,  may  be  readily  made  to  boil,  and 
distil.  The  pure  metal  employed  by  Stas  for  the  determination  of 
the  atomic  weight,  was  obtained  by  distillation  in  this  way.  When 
volatilised  in  the  electric  arc,  the  vapour  of  silver  has  a  brilliant 
green  colour.  Molten  silver  absorbs  as  much  as  twenty-two  tinMS 
its  volume  of  oxygen,  which  it  gives  up  again  (with  the  exception 
of  0.7  volume)  on  sol  id  ifl  cat  ion.  As  the  mass  cools,  the  ox)'gen 
evolved  often  bursts  through  the  outer  crust  of  solidified  metil 
with  considerable  violence,  ejecting  portions  of  the  still  liquid 
silver  as  irregular  excrescences,  as  seen  in  Fig.  136.  This  pheno- 
menon is  known  as  the  "spilling"  of  silver.  Small  quantities  of 
admixed  metals  prevent  the  absorption  of  oxygen. 
Silver  is  readily  soluble  in  nitric  acid,  forming  argentic  nitianv 
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with  libemtidii  bt  ojddes  of  nitrogen.  Hot  conc^iitrated  sulphuric 
acid  converts  it  into  argentic  sulphate,  with  formation  of  sulphur 
dioxide  (the  reactions  in  both  cases  being  the  same  as  with  copper). 
SilveF  Alloys.— Silver,  alloyed  with  copper,  is  largely  employed 
for  coinage,  and  for  ornamental  purposes.  English  standard 
silver  cont^ns  925  parts  of  silver  per  1000.  It  is  said,  tliereforej 
to  have  a  fineness  of  925.  In  France  three  standards  are  used. 
That  for  coinage  contains  900  parts  per  looa  For  medals  and 
plate  the  silver  has  a  fineness  of  950,  while  for  jewellery  it  con- 
tains only  800  parts  per  looa 

SilTer-lAatiiiflr.  —For  purposes  of  electro-plating,  a  solution  of  silver  cyanide 
in  potassium  cyanide  is  used.  When  a  feeble  electric  current  is  passed 
tfarongh  this  solution  (the  article  to  be  silvered  being  the  negative  electrode, 
«nd  a  plate  of  silver  the  positive),  silver  in  a  coherent  form  is  precipitated 
upon  the  negative  electrode,  thereby  coating  the  object ;  and  cyanogen  is  dis- 
engaged at  the  positive  pole,  where  it  dissolves  the  electrode,  reforming  silver 
cyanide. 

Silver  is  reduced  from  solutions,  and  deposited  as  a  coherent  film,  by  a 
variety  of  organic  compounds ;  and  various  methods,  based  upon  this  property, 
are  in  use  for  obtaining  mirrors,  and  silvered  glass  specula  for  optical  pur- 
poses. One  such  method  is  the  following.  Two  solutions  are  prepared, 
thus — 

(x.)  Ten  grammes  of  silver  nitrate  are  dissolved  in  a  small  quantity  of 
water,  and  ammonia  added  until  the  precipitate  dissolves.  The  liquid  is  then 
filtered,  and  diluted  up  to  one  litre. 

(a. )  Two  grammes  of  silver  nitrate  are  dissolved  in  a  litre  of  boiling  water, 
and  X.66  grammes  of  Rochelle  salt  (sodium  potassium  tartrate,  NaKC4H40g) 
are  added,  and  the  liquid  filtered.  Equal  volumes  of  these  two  solutions  are 
poured  into  a  shallow  dish,  and  the  glass  to  be  silvered  (after  being  perfectly 
cleaned)  is  laid  in  the  solution.  In  about  twenty  minutes  the  silver  will  have 
formed  a  brilliant  mirror  upon  the  glass.* 

Oxides  of  SllveP. — Three  oxides  are  believed  to  exist,  namely — 

Silver  monoxide       ....    Ag^O. 
Silver  peroxide        ....    AgjOj? 
Silver  suboxide        ....    Ag40  ? 

SilveP  Monoxide  {argentic  oxide\  Ag^O,  is  obtained  by  adding 

*  By  the  reduction  of  silver  solutions  in  the  presence  of  certain  organic 
compounds,  Carey  Lea  has  obtained  the  metal  in  the  form  of  a  dark  bronze 
powder,  which,  when  dry,  resembles  burnished  gold.  He  lias  also  obtained 
•it  exhibiting  bhxish-green  and  ruby-red  colours.  The  material  differs  in 
many  of  its  properties  firom  ordinary  silver,  and  is  regarded  by  its  discoverer 
as  an  allotropic  form  of  silver  [American  Journal  cf  Science,  1891). 
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sodium  or  potassium  hydroxide  to  a  solution  of  silver  nitrate.  A 
brown  precipitate,  consisting  of  hydrated  oxide,  is  obtained,  which 
when  heated,  is  converted  into  tiie  anhydrous  compound.  It  is 
also  formed  when  silver  chloride  is  boiled  with  a  strong  solutioD  of 
potassium  hydroxide — 

2AgCl  +  2KH0  =  2Ka  +  H,0  +  Ag,0. 

Silver  oxide  is  a  black  amorphous  powder,  which  when  heated 
to  260*,  begins  to  give  off  oxygen,  and  become  reduced  to  metallic 
silver.  It  is  a  powerful  oxidising  substance,  and  when  rubbed 
with  sulphur,  red  phosphorus,  sulphides  of  antimony  or  arsenic,  or 
other  readily  oxidised  substances,  it  causes  them  to  ignite. 

Silver  oxide,  although  only  very  slightly  soluble  in  water  (i  part  in 
about  3000),  imparts  to  the  solution  a  distinct  metallic  taste  and  an 
alkaline  reaction. 

It  is  reduced  by  hydrogen  at  100°,  with  formation  of  water  and 
metallic  silver ;  and  when  brought  into  contact  with  peroxide  of 
hydrogen,  oxygen  is  evolved  and  metallic  silver  formed  (see  p.  203). 

Silver  oxide  is  soluble  in  strong  ammonia,  and,  on  standing,  the 
solution  deposits  black  shining  crystals  of  the  so-caMed /u/minatii:^ 
sili'er.  When  dry,  this  compound  is  extremely  explosive,  and  it 
often  explodes  when  wet.  Fulminating  silver  is  believed  to  be  the 
nitride,  with  the  composition  NAgs- 

Silver  Peroxide,  Ag.jOa  (?).— When  a  solution  of  silver  nitrate  is  submitted  to 
electrolysis,  a  black  powder,  consisting  of  small  octahedral  crystab.  is  deposited 
upon  the  positive  electrode.  The  same  compound  is  obtained  when  a  plate  of 
silver  is  made  the  positive  electrode  in  the  electrolysis  of  acidulated  water, 
and  also  when  silver  is  acted  upon  by  ozone.  The  exact  composition  of  the 
compound  has  not  been  placed  beyond  doubt ;  it  is  believed  to  be  a  dioxide. 

It  readily  parts  with  oxygen,  and  is  a  still  more  powerful  oxidising  ageot 
than  the  monoxide.  It  dissolves  in  aqueous  ammonia,  with  the  evolution  of 
nitrogen — 

SAgaOj  +  2NHj  =  SAgaO  +  3HjO  +  N,. 

Silver  Suboxide,  Ag40  (?).— The  black  powder,  obtained  when  silver  citrate  is 
reduced  in  a  current  of  hydrogen  at  100°,  and  potassium  hydroxide  is  added  to 
the  aqueous  solution  of  the  residue,  is  believed  to  have  the  composition  Ag40. 

Silver  Chloride,  AgCl,  is  obtained  as  a  white,  bulky,  curdy 
precipitate  when  a  soluble  chloride  is  added  to  silver  nitrate.  It 
melts  at  451"  to  a  yellowish  liquid,  which  on  cooling,  congeals  to  a 
tough  homy  mass  (hence  the  name  horn  silver^  as  applied  to  the 
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native  silver  chloride).  The  precipitated  chloride  is  soluble  to  a 
slight  extent  in  strong  hydrochloric  add,  but  readily  soluble  in 
alkaline  chlorides,  in  ammonia,  and  in  sodium  thiosulphate.  Potas- 
sium cyanide  converts  silver  chloride  into  silver  cyanide,  which 
dissolves  in  the  excess  of  alkaline  cyanide,  forming  the  double 
cyanide  KCN,AgCN.  When  exposed  to  the  light,  silver  chloride 
darkens  in  colour,  assuming  first  a  violet  tint,  and  finally  becoming 
dark  brown  or  black  (see  Photo-salts,  p.  522). 

Silver  chloride  absorbs  large  volumes  of  ammonia,  forming  the 
compound  2AgCl,3NH3  (see  p.  242). 

SilveP  Bromidey  AgBr,  is  prepared  similarly  to  the  chloride, 
the  precipitated  compound  having  a  pale  yellow  colour.  It  is  less 
soluble  in  ammonia  than  silver  chloride ;  in  dilute  ammonia  it  is 
nearly  insoluble.  Silver  bromide  is  decomposed  by  chlorine,  and 
at  a  temperature  of  100*'  by  hydrochloric  acid.  At  ordinary 
temperatures  this  reaction  is  reversed,  hydrobromic  acid  convert- 
ing silver  chloride  into  the  bromide. 

Dry  silver  bromide  does  not  absorb  gaseous  ammonia  Silver 
bromide  is  extremely  sensitive  to  the  action  of  light,  and  is  the 
chief  silver  compound  used  in  dry-plate  photography. 

SilveP  Iodide,  Agl,  may  be  obtained  by  precipitation  from  silver 
nitrate,  with  a  soluble  iodide ;  or  by  dissolving  silver  in  strong 
hydriodic  acid.  As  obtained  by  precipitation  it  is  an  amorphous 
yellow  substance,  less  soluble  in  ammonia  than  either  the  bromide 
or  chloride.  It  dissolves  in  hot  hydriodic  acid,  which  on  cooling 
deposits  colourless  crystals  of  AgI,HI  ;  the  addition  of  water  to 
the  solution  precipitates  the  normal  iodide,  Agl.  Silver  iodide 
absoibs  gaseous  ammonia,  forming  a  white  compound,  2AgI,NHs, 
which,  on  free  exposure  to  the  air,  evolves  ammonia,  and  is  recon- 
verted into  the  yellow  iodide. 

Silver  iodide  is  the  most  stable  of  the  three  halogen  compounds. 
When  either  the  chloride  or  bromide  is  treated  with  hydriodic  acid 
or  potassium  iodide,  iodine  replaces  the  other  halogens,  forming 
silver  iodide. 

SilveF  Fluoride,  AgF. — This  compound  is  markedly  different 
in  many  respects  from  the  other  halogen  silver  salts.  It  is  obtained 
by  dissolving  silver  oxide  or  carbonate  in  hydrofluoric  acid,  and 
is  deposited  from  the  solution  in  colourless,  quadratic  pyramids, 
AgFjHjO,  or  in  prisms,  AgF,2H20.  The  salt  is  extremely  deli- 
quescent, and  very  soluble  in  water.  When  dried  in  vacuo,  the 
salt  AgF,H|0  undergoes  partial  decomposition,  leaving  a  brownish 
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residue.    When  heated,  it  is  partially  decomposed,  according  to 
the  equation — 

2AgF,HjO  =  2Ag  +  2HF  +  H,0  +  O. 

The  dry  salt  absorbs  gaseous  ammonia  in  large  quantities,  more 
than  800  times  its  own  volume  being  taken  up  by  the  powdoed 

substance. 

SilveP  Nitrate,  AgNO^,  is  obtained  by  dissolving  silver  in 
nitric  acid.  It  forms  large  colourless  rhombic  tables,  which  meh 
at  218%  and  resolidify  to  a  white,  fibrous,  crystalline  mass,  known 
as  lunar  caustic.  Below  a  red  heat  it  gives  off  oxygen,  and  fbmis 
silver  nitrate ;  and  at  higher  temperatures  it  is  decomposed  into 
metallic  silver,  and  oxides  of  nitrogen.  100  parts  of  water  at  0* 
dissolve  12 1.9  parts,  and  at  100*,  11 10  parts  of  the  crystallised 
salt ;  the  solution  is  neutral.  In  contact  with  oi^g^anic  matter, 
silver  nitrate  is  blackened  on  exposure  to  light  Thus,  when  the 
skin  is  touched  with  a  solution  of  this  salt,  a  few  seconds'  exposure 
to  light  causes  a  brown  or  black  stain.  Owing  to  this  property, 
silver  nitrate  is  employed  for  marking-inks.  Silver  nitrate  absorbs 
gaseous  ammonia,  forming  the  compound  AgN03,3NH3,  the  ab- 
sorption being  accompanied  with  considerable  rise  of  temperature. 
The  compound  AgN03,2NH3  is  deposited  as  rhombic  prisms  when 
aqueous  silver  nitrate  is  saturated  with  ammonia. 

Silver  Sulphate,  Ag2S04,  is  formed  when  silver,  silver  carbo- 
nate, or  silver  oxide  is  dissolved  in  sulphuric  acid.  It  crystallises 
in  rhombic  prisms,  isomorphous  with  sodium  sulphate.  With 
aluminium  sulphate  it  forms  an  alum,  in  which  the  monovalent 
element  silver,  takes  the  place  of  potassiiun  in  common  alum, 
Ag,.S04,Al2(S04)3,24H20. 

Photo-salts. — This  name  has  been  applied  by  Carey  Lea,  to  the  coloured 
compounds  formed  by  the  action  of  light  upon  silver  chloride,  bromide,  and 
iodide.  The  exact  composition  of  the  compounds  that  are  formed  when  these 
sih'er  salts  are  exposed  10  light  is  not  definitely  known.  The  change  which  they 
undergo  has  been  attributed  (i)  to  the  partial  reduction  to  metallic  silver; 
(2)  to  the  formation  of  sub-salts,  such  as  AgjCl.  AgsBr,  Math  elimination  dt 
chlorine  or  bromine ;  (3)  to  the  formation  of  oxydiloride  or  oxybromide; 
(4)  to  the  production  of  double  compounds  of  variable  composition,  of  the 
sub-bait  with  the  normal  salt. 
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GOLD. 

Symbol,  Au.    Atomic  weight  =  196.8. 

• 

Oeearrenee. — This  element  occurs  in  nature  almost  exclusively 
in  the  uncombined  condition,  chiefly  in  quartz  veins  and  in  alluvial 
deposits  formed  by  the  disint^^tion  of  auriferous  rocks.  It  is 
present  in  small  quantities  in  many  specimens  of  iron  pyrites, 
copper  pyrites,  and  many  lead  ores,  from  which  it  is  often 
profitably  extracted. 

Gold  is  also  met  with  in  the  form  of  an  amalgam  with  mercury, 
and  in  combination  with  the  element  tellurium  in  the  minerals 
ptimie  (AgAu)|Te,  and  sylvanite  (AgAu)Tes. 

Extraetion. — Gold  is  extracted  from  auriferous  quartz  by  caus- 
ing the  finely-crushed  substance  to  flow,  by  means  of  a  stream 
of  water,  over  amalgamated  copper  plates.  The  gold  particles 
adhere  to  the  mercury,  with  which  they  amalgamate,  and  the 
amalgam  so  obtained  is  carefully  removed  and  distilled. 

From  alluvia]  deposits,  the  native  gold  is  separated  by  me- 
chanical washing. 

Gold  is  extracted  from  auriferous  pyrites  by  means  of  chlorine. 
The  ore  is  first  carefully  roasted,  and,  after  being  wetted,  is  exposed 
to  the  action  of  chlorine  gas.  The  gold  is  thereby  converted  into 
the  soluble  auric  chloride,  AUCI3,  which  is  extracted  by  lixiviation, 
and  precipitated  by  the  addition  of  ferrous  sulphate — 

2AuClj  +  6FeS04  =  2Au  +  FcjCle  +  2YtJ^S0^ 

Native  gold  usually  contains  silver,  from  which  it  may  be  sepa- 
rated by  passing  chlorine  over  the  molten  metal,  in  crucibles  glazed 
with  borax  The  ftised  chloride  of  silver  rises  to  the  surface,  and 
is  prevented  from  volatilising  by  a  covering  of  melted  borax. 
When  the  operation  is  complete,  the  crucible  is  allowed  to  cool, 
when  the  gold  solidifies,  and  the  still  liquid  silver  chloride  is 
poured  ofE 

Properties. — Gold  is  a  soft  yellow  metal,  which,  when  seen  by 
light  many  times  reflected  from  its  surface,  appears  red.  It  is  not 
acted  upon  by  air  or  oxygen  at  any  temperature,  and  does  not 
decompose  steam.  No  single  acid  is  capable  of  attacking  it 
(except  selenic  add) ;  but  it  is  dissolved  by  aqua-regia,  with  for- 
mation of  auric  chloride.    Gold  is  the  most  malleable  and  ductile 


theame 

nrs.-rli.     Cn  trfs  *■■'.  iirr  i  yi'Tirirarr  ^  xrx  csjonde  is  nsed  lor 
ttT2Kg  pcc^'.^rsscs.    AI  ±ie  csBspaozads  of  ffoU.  wbcn  igaitBd  m 


e;/-/!  cci/tr  r-nra'^i.  br  ce  prxss  of  eieczo-gikza^,  tbe  mott 
s>=::^V<  soC'=6cc  Vfr-g  ria:  of  sc  <VyrSr  ciAakle  of  gold  and 
f^xats^i.  A::  CN  ^CS. 
Gold  ADors.— Alkrrs  of  goud  vidi  cnpoer  and  with  ahcr 

Wir.^'  too  5^:  fsT  ±ese  pi»:p<.»es  S^^vvr  gives  the  alloy  a  pakr 
co>/jr  than  tbat  cf  pore  gold.  w!£>  copper  imparts  to  it  a  reddish 
tir.^f'i.  Th^  i  Iv.-  Tised  for  English  goud  coi=  cocsists  of  gold,  ii 
pir-  :  ^'/r^.y-.r.  ;  pirt-  Th€  priprrdcr:  ^.f  ^o'.d  in  alloys  is  usually 
ft /;,v  ,.'.':  :.".  pirs  ptr  2i  :r.5:ead  of  i-  pcrrenra^cs  .  "iesc  parts 
>/b.:./  vrrrr.':':  czrz::.  Tr--5  p-ire  ^ :Id.  is  said  ::•  be  2^-cara:  gold : 
\'K*^j;iT7t\  ;;'/'i  ':r.r.:a:r*5,  therefore,  iS  ps.r^  of  go!d,  azd  6  pans  of 
r.'/pp':r,  or  li'.ver.  Most  co-ntr!cs  have  their  own  legal  standards. 
In  y.r/.hr.'l  th^  !':^a!  s'.andard  for  gold  coinage  :s  2 2 -carats. 

Componnds  of  Gold. — Gold  fornis  tvo  s^«s  c:  corspoonds.  camelv, 
aurf/u:,  in  which  th«  rr.^tal  l5  monovaler.!.  and  ci»^:.  :=  vhidi  it  is  trivaJenL 

'J  r.e  f.'jxu',j'A'.ii  ,ri  of  a* to* is  compounds  occres ponds  to  that  of  tbe  sHw 
'.orr.:/'V]r.d%.  77.*;v  ar?  -.wr  readilv  decomoosr^L  Thus,  anrous  chloride 
t:i:.'..f,\  '.y:\  in  the  prcs^r.o;  of  water,  being  deoompc»ed  into  anric  diloride 
nil']  irietill  r  i;^/A.  P'or  this  reason,  when  aoroos  oxide.  Au-O.  is  acted  upon 
by  a'jii';o<j%  hydrochloric  acid,  it  fonns  auric,  and  not  aixrous  chloride,  thus— 

3A!3/>  ♦  6Ha  =  2AuCl,  +  3HaO  +  4An. 

With  iodinr,  gold  forms  only  aurous  iodide,  Aul ;  therefore,  when  auric  oxide 
is  :Lr  tfd  ufion  hy  hydriodic  add,  aurous  iodide  and  free  iodine  are  formed, 
thus  — 

AujOj  +  6HI  =  2AuI  +  2I2  +  3H^. 

Auric  Chloride,  AuClj,  is  obtained  by  discoU-ing  gold  in  aqua-regia,  and 
rv:iT)orntinf^  tlir  solution  to  dryness.  "When  the  residue  is  dissoI\*ed  in  water,  the 
cniurMrMr'A  sr)1ution  deposits  reddish  crystals  of  the  composition  AuCl32H]0. 
'I  hr-.<-  Wr.  tli'Mr  wnter  when  carefully  heated,  leaving  a  brown  mass  of  deliqoes^ 
c.f 'lit  crystitls.  Auric  chloride  forms  double  chlorides  with  the  alkaline  chlorides, 
Riul  witli  hydrochloric  acid,  which  may  Ix  obtained  as  crystalline  compounds. 
I'hus,  the  coniprjund  AuCls.HQ.SH^O  is  deposited  from  a  strong  solution  of 
gold  in  a<]ua-regia.     This  substance  is  sometimes  termed  cklonhaurU  acid. 
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and  the  double  oompounds  with  metallic  chlorides,  such  as  AuCls,NaO,2H^ 
and  (AuCls,KQ)tHsO,  are  known  as  ckloro-aurates, 

Aarlo  Ozldtt,  AujOg,  is  obtained  as  a  brown  powder,  when  the  hydiated 
oxide,  Au/>3,SHsO  (or  AuCHOy,  is  gently  wanned.  At  100**  it  begins  to  de- 
oompose,  and  at  higher  temperatures  is  completely  converted  into  oxygen  and 
metaUic  gold. 

Auric  oxide  is  feebly  basic,  forming  a  few  unstable  salts,  in  which  gold 
replaces  the  hjrdrogen  in  adds.  It  is  also  a  feeble  add-fonning  oxide,  and 
forms  salts  called  auratts^  such  as  potassium  aurate,  KAuOs,3H]0,  which  may 
be  regarded  as  being  derived  from  an  acid  of  the  composition  HAuOf. 

Auric  oxide  forms  a  compound  with  ammonia,  known  as  fulminating  gold^ 
the  exact  composition  of  whidi  is  not  known.  It  explodes  with  violence  when 
dry,  if  struck,  or  gently  warmed. 

OOld  Snlphldes.— Two  sulphides  of  gold  have  been  obtained,  aurous 
sulphide,  Au^S,  and  auro-anric  sulphide,  Am^,A}i^  (or  AuS).  The  latter  is 
farmed  when  sulphuretted  hydrogen  is  passed  into  a  cold  solution  of  auric 


SAuCl,  +  9H^  +  4H,0  =  2(AuaS,Au,S,)  +  24Ha  +  H,S04. 


CHAPTER  VI 


ELEMENTS  OP  GROUP  11.  {PAMILY  A.) 


Strontium,  Sr 
Barium,  Ba 


Atomic 

Weights. 

Beryllium,  Re      . 

.       9.06 

Magnesium,  Mg  . 

.     23.94 

Caldum,  Ca 

.     39.91 

Weights. 
•7.3 


With  the  exception  of  the  rare  element  beryllium,  these  metals 
were  first  obtained  (although  not  in  the  pure  state)  by  Davy,  who, 
soon  after  his  discovery  of  the  metals  potassium  and  sodium, 
showed  that  the  so-called  earths  were  not  elementary  bodies  as 
had  been  supposed,  but  were  compounds  of  different  metals  with 
oxygen. 

The  element  beryllium  is  of  later  discovery,  for  although  as 
early  as  1798  it  had  been  shown  by  Vanquelin  that  the  particular 
"  earth  "  in  the  mineral  beryl  was  different  from  any  other  known 
earth,  it  was  not  until  1827  that  the  metal  it  contained  was  iso- 
lated by  Wholcr.  In  a  state  approaching  to  purity,  beryllium  was 
first  prepared  by  Humpidge,  1885. 

None  of  the  elements  of  this  family  occurs  in  nature  in  the  un- 
combined  condition  ;  and,  with  the  exception  of  magnesimn,  the 
metals  themselves,  in  their  isolated  condition,  are  at  present  little 
more  than  chemical  curiosities.  In  the  case  of  beryllium  this  is 
due  to  the  comparative  rarity  of  its  compounds ;  but  with  calcium, 
strontium,  and  barium,  whose  compounds  are  extremely  abundant, 
it  is  owing  partly  to  the  difficulty  of  isolating  the  metals  in  a  pure 
state,  and  also  to  the  fact  that  hitherto  they  have  received  no 
useful  application.  Beryllium  and  magnesium  are  white  metals, 
which  retain  their  lustre  in  the  air.  Calcium,  strontium,  and 
barium  have  a  yellow  colour,  and  on  exposure  to  air  become 
converted  into  oxide. 

All  these  metals  form  an  oxide  of  the  type  RO.  Beryllium  oxide 
is  insoluble  in  water ;  magnesiimi  oxide  is  very  slightly  soluble 
(i   part  in   55,000  or   100,000  parts  of  water),  but  the  solution 
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shows  a  feeble  alkaline  reaction.  The  calcium,  strontium,  and 
barium  oxides  show  increasing  solubility,  and  stronger  alkalinity 
and  causticity.  On  this  account  these  elements  are  known  as  the 
meteUs  of  the  alkaline  earths.  These  three  elements  also  form 
peroxides  of  the  type  RO^. 

All  the  monoxides  are  basic,  and  combine  with  adds  to  form 
salts  of  the  types  RCl,,  RSO4,  RCNO,)!. 

The  element  beryllium  (the  typical  element)  stands  apart  from 
the  others  of  this  £unily  in  many  of  its  chemical  relations.  Thus, 
the  oxide  BeO,  unlike  the  corresponding  compounds  of  the  other 
elements,  does  not  combine  with  water  to  form  the  hydroxide. 
The  hydroxide  Be(HO)s  is  soluble  in  sodium  and  potassium 
hydroxide.  In  this  respect  beryllium  exhibits  its  resemblance  to 
zinc.  The  chloride  also  differs  from  the  other  chlorides  in  being 
volatile. 

In  its  permanence  in  air,  its  colour,  its  high  melting-point,  the 
solubility  of  its  sulphate,  and  the  readiness  with  which  its  hydroxide 
is  converted  by  heat  into  the  oxide,  beryllium  exhibits  a  close 
similarity  to  magnesitun.  In  the  solubility  of  its  hydroxide  in 
potassium  hydroxide,  and  in  its  inability  to  decompose  water, 
beryllium  also  shows  a  marked  resemblance  to  zinc. 

The  three  elements,  calcium,  strontium,  and  barium,  exhibit 
a  closer  resemblance  to  each  other  in  most  of  the  physical  and 
chemical  relations,  than  to  either  magnesium  or  beryllium. 

They  are  readily  distinguished  by  their  different  spectra. 
Barium  salts,  when  heated  in  a  non-luminous  flame,  impart  to 
it  a  green  colour.  Calcium  and  strontium,  under  the  same  cir- 
cumstances, each  give  a  red  colour ;  but  the  red  imparted  by 
strontium  compounds  is  more  brilliant,  and  less  orange,  than  that 
of  calcium  salts.  When  the  flames  are  examined  by  the  spectro- 
scope, the  most  characteristic  lines  given  by  barium,  are  two  in  the 
bright  green  (Baa  and  Ba^).  These  are  accompanied  by  a  number 
of  less  brilliant  lines.  The  spectrum  of  strontium  consists  of  four 
specially  prominent  lines,  one  in  the  bright  blue  (Srd),  one  in  the 
orange  (Sra),  and  two  in  the  red  (Sr/3  and  Sry),  with  others  less 
pronounced ;  while  that  of  calcimn  contains  one  brilliant  green 
line  (Ca/3X  ^^nd  one  equally  brilliant  orange  line  (Caa),  besides  a 
large  number  of  less  prominent  lin^s. 
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BESYLUJJI^. 

Symbol,  Be.     Atomic  weight  =  9.08. 

OceUTence. — This  element  occurs  principally  in  the  mineiml  Stfjl,  a  doobb 
silicate  of  the  composition  dBeO,AlsOk,6SiOa.  The  tmnsparent  varieties  are 
used  as  gems,  the  transparent  green  beryl  being  the  predous  tmenUd, 

Pkenacite  is  beryllium  silicate,  Be]Si04,  while  ckrysoberyl  has  the  coaip^ 
sition  BeO.AljOs. 

Formation.— The  element  is  obuiined  by  beating  sodium  in  the  vapour cf 
beryllium  chloride,  all  air  having  been  previously  replaced  by  hydrogen.  Tbe 
product  is  afterwards  melted  beneath  fused  sodium  chloride,  ufaen  it  is 
obtained  as  a  coherent  of  solid  metaL 

Propertlef. — Beryllium  is  a  white  metal  resembling  magnesiuni.  It  has  t 
specific  gravity  of  a.i,  and  is  moderately  malleable.  It  does  not  readOy 
tarnish  in  the  air  at  ordinary  temperatures,  but,  when  strongly  batfed, 
becomes  coated  with  a  protecting  film  of  oxide.  The  powdered  metal,  vhcs 
heated,  takes  fire,  and  bums  with  a  bright  light  It  has  no  action  npoa 
water,  even  at  the  boiling  temperature. 

Beryllium  is  easily  dissolved  by  dilute  hydrochloric  acid,  with  evolution  of 
hydrogen.  Cold  dilute  sulphuric  acid  is  without  action,  but.  when  heated, 
slowly  dissolves  it.  Nitric  acid  slowly  attacks  it  when  concentrated  and  hot. 
It  readily  dissolves  in  potassium  hydroxide,  with  evolution  of  hydrogen. 

Beryllium  Compounds.— The  best  known  are  the  oxide  (berylla),  BeO.a 
white  infusible  powder,  insoluble  in  water,  soluble  in  acids;  the  chloride, 
BeClj,  obtained  by  heating  tbe  oxide  with  charcoal  in  a  stream  of  chlorine,  a 
white  crystalline  solid,  readily  fused  and  volatilised. 

Beryllium  compounds  do  not  impart  any  colour  to  a  Bunsen  flame.  They 
are  c'n.iracterised  by  possessing  a  sweet  taste,  hence  the  name  oi  glmamum 
originally  given  to  this  element. 


MAaNEBIUM. 

Symbol,  Mg.     Atomic  weight  =  23.94. 

Occurrence. — Magnesium  is  not  found  in  the  uncombined  state. 
In  combination  it  is  widely  distributed,  and  is  extremely  abtmdant 
In  the  mineral  dolomite^  associated  with  lime  as  carbonate,  it 
occurs  in  mountainous  masses. 

Magnesite^  MgCOg  ;  kieserite^  MgS04,HjO ;  carnallite^  MgCl» 
KCljeHjO,  are  amongst  the  commoner  naturally  occurring  magne- 
sium compounds.  It  is  also  a  constituent  oi asbestos^  meersckmm^ 
serpentine^  taicy  and  a  large  number  of  other  silicates.  As  sulphate 
and  chloride  it  is  met  with  in  sea  water  and  many  saline  springs. 

Modes  of  Formation. — Magnesium  can  be  obtained  by  tbe 
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rsis  of  the  fused  chloride,  or  a  mixture  of  magnesium  and 
m  chlorides. 

larger  scale  magnesium  is  prepared  by  reducing  the  chloride 
iium.  A  mixture  of  anhydrous  magnesium  chloride  (or 
lixed  chlorides  of  magnesium  and  sodium,  or  potassium), 
:d  cryolite,  and  sodium  is  thrown  into  a  red-hot  crucible, 
3  quickly  closed.  A  violent  reaction  takes  place,  at  the 
on  of  which  the  melted  mixture  is  stirred  with  an  iron  rod 
!  the  globules  of  magnesium  to  run  together. 
Tude  metal  is  afterwards  purified  by  distillation. 
^rties. — Magnesium  is  a  silvery- white  metal,  which  does 
lish  in  dry  air,  but  becomes  coated  with  a  film  of  oxide 
posed  to  air  and  moisture.  At  a  red  heat  it  melts,  and  at 
temperatures  may  be  distilled.  When  heated  in  the  air  it 
e,  and  bums  with  a  dazzling  white  light,  which  is  extremely 
he  chemically  active  rays.  The  flash  of  light,  obtained  by 
ig  a  small  quantity  of  magnesium  filings  into  a  spirit  flame, 
for  photographic  purposes.  Magnesium  is  only  moderately 
le,  and  is  only  ductile  at  high  temperatures ;  it  is  readily 
into  the  form  of  wire  at  a  temperature  slightly  below  its 
-point.  Magnesium  does  not  decompose  water  even  at  the 
point ;  but  when  strongly  heated  in  a  current  of  steam,  the 
ikes  fire  (p.  152).  Magnesium  is  rapidly  dissolved  by  dilute 
rith  brisk  evolution  of  hydrogen,  but  solutions  of  caustic 
are  unacted  upon  it  (compare  Zinc).  When  heated  with 
I  solutions  of  ammonium  salts,  hydrogen  is  evolved,  and  a 
>alt  of  magnesium  and  ammonium  is  found  in  the  solution, 
lesium  combines  directly  with  nitrogen,  when  strongly 
n  that  gas,  forming  magnesium  nitride,  N^Mgg  (p.  208). 
:count  of  the  brilliant  light  emitted  by  burning  magnesium, 
ployed  for  signalling  purposes,  and  also  in  pyrotechny. 
leslnm  Oxide  {magnesia)^  MgO,  is  found  native  as  the 
periciase.  It  is  formed  when  magnesium  bums  in  the  air, 
i  magnesium  carbonate  is  submitted  to  prolonged  gentle 
ion,  when  it  is  obtained  as  a  white,  bulky  powder,  known  in 
ce  as  calcined  magnesia  or  magnesia  usta, 
lesia  is  extensively  manufactured  from  the  magnesium 
occurring  in  the  Stassfurt  deposits,  by  first  converting  the 
into  carbonate,  and  subjecting  this  to  calcination.  Mag- 
is  been  obtained  in  the  crystalline  fomi,  identical  with  that 
lase,  by  heating  the  amorphous  compound  in  a  stream  of 
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;ri.v^/-i  h 7 -::">:?.: or.'-:  iui.  I:  zzay  be  fused  in  the  oxyhydrogeo 
f^A*-*  4.-.':  or.  ov/:r.^. ::  -c.'.iifcs  to  a  \itreous  mass  which  is  suffi- 
"  ';r.-.v  r.^H  ro  cit  Is  lis  5.  Or.  account  of  its  extreme  refractoriness, 
.v.;^;^.'.'- .  ;i  :•  w^A  for  a  varfety  of  metallurgical  purposes,  such  as 
•h*^  rr*;<ir.fifa<:ture  of  crucibles,  cjpels,  &c 

Haijfnesium  Hydroxide,  Mg(HO)s,  is  found  in  nature  as  the 
uxwif-.T'A  hrucite.  It  is  prepared  by  precipitating  a  magnesium  salt 
li/  '.r;rJiiim  or  potassiq,m  hydroxide.  At  a  dull  red  heat  it  loses 
waifT,  ;trid  is  converted  into  the  oxide,  and  the  magnesia  so 
nlit;iinr-rl  lias  the  property  of  rehydrating  itself  in  contact  with 
wairr,  with  evolution  of  heat. 

Nf.'i^iicsiiini  hydroxide  slowly  absorbs  carbon  dioxide,  forming 
the  liiilHinaU' ;  owing  to  this  fact,  and  to  the  property  it  possesses 
ot  irhyiliation,  magnesia  that  has  been  prepared  by  calcination  at 
.1  low  innpriaturc  ran  he  employed  as  a  cement.  Thus,  if  caldned 
ni.i^nrsitt*  ho  inadr  into  a  paste  with  water,  the  mixture  is  found  to 
h.ii^Iru  ill  .ihout  twolvo  hinii-s,  and  uhimately  to  acquire  a  hardness 
»^|!i.i".  ii»  ih.u  ot  lVi:!,ind  ocnion:. 

MikKtiosium  Ch'oiide,  Mv:Ct.— This  salt  is  formed  when  mag- 
?**s  .1.  .»■  -v  ■.■^:»csv.:v.  vM:N'»:'..i:c,  or  the  metal  itself,  is  dissolved  in 
'•^»=  'x'-  ,'■  .  .u"  <■,  r"v:v.  :>:s  >o!'.::i.T.  mor.osvmmetric  crvstaU  of 
.'•*•  ,,'  ■.\^N.,''  ^'^.v'"^'  --.O  .i:e  ».:er.^s::ed.  When  this  salt  i> 
/^.'^  >*:..-,.-.  ■..  .i:  :>.c  s^iiv.e  v.r.'.e  :s  ran  ■.ally  decomposed 
'.     .'    .    •,  .    v.".  :".-.^-.iS -•.  :  :r.  ^rier.  therefore,  to  pre- 

■  ,•       •       V.  N  ,-■  -'.V.  -.  . :--:  i.-jr'.e  rr.a«:r.e5:um  amni^ 

■  .  .•    ^   ■  >      .•■■-.'».■    "r    .". .  .i  ■  ,:  i-'.r.- •"•. -r/.  ch'.oncetoa 
■  .  •   -      -'       -■     ;  .L7cri.:.:r..  :r.e  coub'.e  sa'i 

'    •-    - ^     ./         .^"       Tr  s  s.- :  ^  .."as  : '.sell  to  e 
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associated  with  varying  quantities  of  water.  The  white  deposit 
which  forms  in  botdes  containing  the  solution  known  as  magnesia 
mixture^  consists  of  MgCl^ySMgOylSH^O. 

When  magnesium  oxychloride  is  heated  to  redness  in  a  current 
of  air,  the  magnesium  is  converted  into  oxide,  and  a  mixture  of 
dilorine  and  hydrochloric  acid  is  evolved.  The  reaction  may  be 
represented  as  taking  place  as  follows — 

2MgCl,  +  HjO  +  O  =  2MgO  +  2HC1  +  Cl^ 

The  Weldon-Pechiney  process  for  manufacturing  chlorine  is 
based  upon  this  reaction. 

Magnesium  Sulphate,  MgS04  {Epsom  salts),  is  met  with  in 
many  mineral  springs,  and  in  large  quantities  as  the  mineral 
Heserite^  MgS04,H20. 

Magnesium  sulphate  may  be  obtained  by  decomposing  dolomite, 
(CaMg)C08i  with  sulphuric  acid,  the  nearly  insoluble  calcium 
sulphate  being  readily  removed  from  the  soluble  magnesium  salt. 
Magnesium  sulphate  is  now  very  largely  manufactured  from 
kieserite,  which  in  contact  with  water  is  converted  from  the  slightly 
soluble  monohydrated  salt,  into  MgSOfjTHsO,  which  is  readily 
soluble,  and  is  purified  by  recrystallisation.  As  usually  obtained, 
crystallised  magnesium  sulphate,  MgS04,7H20,  forms  colourless 
rhombic  prisms ;  but  when  deposited  from  a  cold  supersaturated 
solution,  it  sometimes  forms  prisms  belonging  to  the  monosymmetric 
(monodinic)  system,  having  the  same  degree  of  hydration.  Above 
50*,  monosynmietric  prisms  of  the  composition  MgS04,6H20  are 
deposited. 

When  the  ordinary  salt,  Ul^SO^l^^fi,  is  placed  over  sulphuric 
add,  it  loses  two  molecules  of  water :  when  heated  to  1 50''  it  loses 
six  molecules,  and  at  200*"  it  becomes  anhydrous.  At  the  ordinary 
temperature,  100  parts  of  water  dissolve  126  parts  of  crystallised 
magnesium  sulphate  ;  the  solution  has  a  bitter  taste,  and  acts  as  a 
purgative.  With  alkaline  sulphates,  magnesium  sulphate  forms  a 
series  of  double  salts,  having  the  general  formula  MgS04,R2S04, 
6HsO.  They  are  isomorphous  with  each  other,  crystallising  in 
monosynmietric  prisms.  The  potassium  salt  occurs  in  the  Stassfurt 
deposits  as  schdmte. 

When  anhydrous  magnesium  sulphate  is  dissolved  in  hot  sul- 
phuric add,  two  acid  sulphates  are  obtained  One,  having  the  com- 
position MgS04,H|S04,  is  deposited  from  the  hot  solution ;  while 
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from  the  cold  liquid  the  salt  that  crystallises  has  the  composition 
MgSOiiSHsSO^    They  are  at  once  decomposed  by  water. 

Magnesium  CaPbonate,  MgCOs,  occm^  as  the  mineral  magne- 
sttiy  which  is  sometimes  found  as  rhombohedral  crystals,  isomor- 
phous  with  crystals  of  caldU  (CaCO^.  Magnesium  exhibits  a 
great  tendency  to  form  basic  and  hydrated  carbonates  ;  the  normal 
carbonate,  MgCO^,  is  therefore  not  obtained  by  precipitating  a 
magnesium  salt  with  an  alkaline  carbonate ;  the  white  precipitate 
formed  under  these  circumstances  is  a  basic  carbonate,  whose 
composition  varies  with  the  conditions  of  precipitation.  If,  how- 
ever, this  precipitate  be  suspended  in  water,  and  the  liquid  saturated 
with  carbon  dioxide,  the  compound  dissolves  (more  readily  under 
increased  pressure),  and  when  the  solution  is  heated  to  500"  under 
pressure,  in  such  a  manner  that  the  evolved  carbon  dioxide  can 
escape,  the  normal  anhydrous  carbonate  is  deposited  in  rhombo- 
hedral crystals  isomorphous  with  calcite.  If  the  solution  be 
evaporated  to  dryness,  the  normal  carbonate  is  deposited  in 
rhombic  crystals  isomorphous  with  arragoniie  (CaCOg).  Mag- 
nesium and  calcium  carbonates  are  therefore  isodimorphous. 

Basic  Carbonates. — The  mineral  hydromagnesite  is  a  basic 
carbonate  of  the  composition  3MgC08,Mg(HO)2»3H20.  A  number 
of  basic  carbonates  are  formed  by  the  precipitation  of  a  magnesium 
salt  with  sodium  carbonate.  Thus,  under  ordinary  conditions  a 
white  bulky  precipitate  is  obtained,  known  in  pharmacy  as  magnesia 
alba  levis.  Its  composition,  although  liable  to  vary  through  the 
presence  of  other  basic  carbonates,  is  in  the  main  the  same  as  that 
of  hydromagnesite. 

If  the  precipitation  be  made  with  boiling  solutions,  and  the  pre- 
cipitate so  obtained  be  dried  at  100^,  a  denser  carbonate  is  ob- 
tained, termed  magnesia  alba  ponderosa^  4MgC03,Mg(HO)j,4H20. 

When  an  excess  of  sodium  carbonate  is  employed,  and  the 
mixture  is  subjected  to  prolonged  boiling,  a  carbonate  is  obtained, 
having  the  composition  2MgC03,Mg(HO)2,2H20. 

GALCIUM. 

Symbol,  Ca.    Atomic  weight  =  39.91. 

Occurrence. — Caldum  is  only  met  with  in  nature  in  combina- 
tion. It  occurs  in  enormous  quantities  as  the  carbonate,  in  a  great 
variety  of  different  minerals,  such  as  marble^  limestone^  calcspar, 
and  also  as  coral;  and  with  carbonate  of  magnesia  as  dolomite^  or 
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wmgtusian  limntoni.  In  combination  with  sulphuric  acid,  calcium 
occurs  as  gypsum  and  selenite^  CaS04,2H20,  and  as  anhydn'ie^ 
CaSO«.  The  fluoride  CaF|  occurs  as  Jluorsparj  and  the  various 
fltidons  rocks  cont^n  compound  silicates  of  calcium  and  other 
metals.  The  carbonate  and  sulphate  are  present  in  most  spring 
ind  liver  waters.  Calcium  compounds  are  also  present  in  all 
vegetable  and  animal  organisms.  Thus,  bones  consist  largely  of 
caldnm  phosphate. 

Modes  of  Formatioil. — ^Although  calcium  compounds  are  so 
eztremely  abundant,  the  element  itself  is  a  rare  substance.  The 
dement  was  first  isolated  in  an  impure  state  by  Davy  (1808).  It 
may  be  obtained  by  the  electrolysis  of  the  fused  chloride,  or  by 
fbsiDg  together  calcium  chloride,  sodium,  and  zinc,  when  an  alloy 
of  zinc  and  caldum  is  obtained,  from  which  the  zinc  is  removed  by 
distillation. 

Properties. — Caldum  is  a  ydlow  metal,  somewhat  the  colour 
of  pale  brass.  It  is  suffidently  hard  to  be  worked  with  a  file,  and 
may  be  hammered  out  into  leaf.  In  moist  air  it  is  soon  converted 
into  the  hydroxide,  but  in  dry  air  it  remains  untarnished  for  a  con- 
siderable time.  It  decomposes  water  at  the  ordinary  temperature, 
with  rapid  evolution  of  hydrogen.  When  heated  in  the  air,  it  takes 
fire  and  bums. 

taldes  of  Caleflim. — Two  oxides  are  known,  namdy,  calcium 
monoxide,  CaO,  and  caldum  dioxide,  CaOg. 

Caldllin  Oxide  (Jime^  quicklime\  CaO,  is  obtained  by  heating 
caldum  carbonate  to  redness — 

CaCO,  -  CO2  +  CaO. 

On  a  large  scale,  lime  is  manufactured  by  burning  limestone  or 
chalk  in  kilns  with  coal.  If  much  clay  be  present  with  the  lime- 
stone, care  is  required  to  prevent  the  mass  from  fusing,  when  it  is 
said  to  be  dead  burnt  Lime  is  a  white  amorphous  substance, 
which  is  infusible  by  the  oxyhydrogen  flame  ;  but  which,  when  so 
heated,  emits  a  bright  light,  known  as  the  oxyhydrogen  lime-light. 
It  absorbs  moisture  and  carbon  dioxide  from  the  air.  On  account 
of  its  power  of  absorbing  moisture,  lime  is  frequently  employed  as 
a  ddiydrating  agent  Thus,  gases  which  cannot  be  dried  by  means 
of  sulphuric  add  (^.,^.,  ammonia)  may  be  deprived  of  moisture  by 
being  passed  over  caldum  oxide.  It  is  also  used  for  withdrawing 
water  from  alcohol,  in  the  preparation  of  absolute  alcohol    When 
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a  small  quantity  of  water  is  poured  upon  lime,  the  mass  rapidly 
becomes  hot,  and  volumes  of  steam  are  given  off;  the  lime  at  the 
same  time  swelling  up  and  crumbling  to  a  soft,  dry  powder.  T*his 
process  is  known  as  the  slaking  of  lime,  and  the  product  is  termed 
slaked  Unu^  in  contradistinction  to  quUk  lime.  The  lime  enters 
into  chemical  union  with  water,  forming  calcium  hydroxide,  thua— 

CaO  +  HjO  -  Ca(HO)» 

Caleiam  Hydrozidet'Ca(HO)^  is  a  white  amorphous  powder, 
sparingly  soluble  in  water ;  and,  unlike  the  majority  of  solids,  it  is 
less  soluble  in  hot  than  in  cold  water.  One  hundred  parts  of  water 
at  the  ordinary  temperature  dissolve  a  14  parts  of  calcium  hydroxide, 
while  at  100*  the  same  volume  of  water  dissolves  about  half  that 
amount  This  solution,  known  as  lime  watery  has  an  alkaline 
reaction,  and  absorbs  carbon  dioxide,  with  the  precipitation  of 
calcium  carbonate. 

Milk  of  Lime  is  the  name  given  to  a  mixture  of  lime  with  less 
water  than  will  dissolve  it,  whereby  an  emulsion  of  lime  is  obtained. 
When  a  thick  paste  of  lime  and  water  is  exposed  to  the  atmos- 
phere, in  a  few  days  it  sets,  and  continues  gradually  to  harden. 
On  this  account  lime  is  used  for  mortars  and  cements.  Mortar 
consists  of  a  mixture  of  lime  and  sand  with  water.  The  sand 
serves  the  double  purpose  of  preventing  shrinkage  on  drying,  and 
also  of  rendering  the  mass  more  permeable  to  atmospheric  carbon 
dioxide.  The  setting  of  mortar  is  due  to  the  combined  action  of 
evaporation  and  absorption  of  carbon  dioxide. 

Calcium  Dioxide,  CaO^,  is  obtained  by  adding  lime-water  to 
hydrogen  peroxide,  or  to  sodium  peroxide  acidulated  with  dilute 
nitric  acid  :  sparingly  soluble  crystals  of  CaOj^SHgO  separate  out, 
which  at  130'  lose  their  water.  When  more  strongly  heated,  the 
monoxide  is  formed,  with  evolution  of  oxygen. 

Calcium  Chloride,  CaCl2,  occurs  in  sea  and  river  waters,  and  is 
present  in  camalWe  and  tacky drite^  of  the  Stassflirt  deposits.  It 
is  obtained  in  large  quantities  as  a  bye-product  in  many  manu- 
facturing processes,  such  as  that  of  potassium  chlorate,  ammonia 
from  ammonium  chloride,  &c  It  may  be  obtained  by  the  action 
of  hydrochloric  acid  upon  calcium  carbonate,  and  is  deposited  on 
concentration,  in  large  colourless,  deliquescent,  hexagonal  prisms, 
CaCla^GHjO,  which  melt  at  29*  in  their  water  of  crystallisation. 
When  heated  below  200^  the  crystals  part  with  four  molecules  of 
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water,  and  above  aod^  become  anhydrous.  As  thus  obtained,  the 
anhydrous  salt  is  a  porous  mass,  which  is  extremely  hygroscopic, 
and  on  this  account  is  used  as  a  desiccating  agent,  both  for  gases 
and  liquids.  At  a  red  heat  it  fuses,  and  on  cooling,  solidifies  to  a 
crystalline^  deliquescent  mass.  Calcium  chloride  combines  with 
ammonia,  forming  the  compound  CaCI^SNHj.  Calcium  chloride, 
therefore,  cannot  be  employed  for  drying  gaseous  anunonia. 

Crystallised  calcium  chloride  is  extremely  soluble  in  water ; 
100  parts  of  water  at  i6*  dissolve  400  parts  of  the  salt,  the  solu- 
tion being  attended  with  considerable  absorption  of  heat  When 
mixed  with  powdered  ice,  or  snow,  liquefaction  of  both  the  solids 
rapidly  takes  place  (owing  to  the  formation  of  a  cryohydrate),  and 
the  consequent  absorption  of  heat,  lowers  the  temperature  of  the 
mizture  to  —  40*. 

Meafthlflg-Powder  {chloride  of  lime),  Ca(OCl)Cl.— This  im- 
portant compound  is  manufactured  on  a  large  scale  by  the  action 
of  chlorine  upon  slaked  lime.  The  hydrated  lime  is  spread  upon 
the  floor  of  the  bleaching-powder  chambers  to  a  depth  of  three  or 
four  inches,  and  raked  into  ridges  or  furrows  with  a  special  wooden 
rake.  Chlorine  is  then  led  into  the  chambers,  which  are  provided 
with  glass  windows  to  enable  the  operator  to  examine  the  colour 
of  the  atmosphere  within.  At  first  the  absorption  of  the  chlorine  is 
rapid,  but  as  the  reaction  proceeds  it  becomes  slower,  and  the  lime 
is  Urom  time  to  time  raked  over  to  expose  a  fresh  surface.  The 
lime  is  left  in  contact  with  the  gas  for  twelve  to  twenty-four  hours. 
The  excess  of  chlorine  is  absorbed  by  projecting  into  the  chamber 
ashower  of  fine  lime-dust,  by  means  of  a  mechanical  fan-distributor. 
This,  in  settling,  rapidly  absorbs  all  the  chlorine,  and  the  chambers 
can  then  be  opened  without  any  unpleasant  smell  of  chlorine  being 
perceptible. 

The  reaction  which  takes  place  is  expressed  by  the  equation— 

Ca(HO)j  +  CI,  =  Ca(OCl)Cl  +  H,0. 

It  was  formerly  believed  that  bleaching-powder  was  a  mechani- 
cal mixture  of  calcium  chloride,  CaCl,,  and  calcium  hypochlorite, 
Ca(OCl)s,  but  it  has  been  conclusively  shown  that  the  substance 
does  not  contain  any  free  calcium  chloride.  It  may,  however,  be 
regarded  as  a  compound  consisting  of  equivalent  proportions  of 
these  two  salts,  and  its  composition  may  be  expressed  by  the  for- 
BUila  Ca(pCl)^CaCl^  which  corresponds  to  2Ca(OCl)CL 
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,  The  relation-  in  which,  bleaching-powder  stands  to  calcium  chlo- 
ride on  the  one  hand,  and  calcium  hypochlorite  on  the  other,  will 
be  seen  by  the  following  formulae — 

Cldum  Chloride.  CddumHypochlorif.       c^^S^^lSo^J!^^^ 

d— Ca— CI  CIO— Ca— OCl  CI— Ca— OCl. 

In  practice^  the  absoiption  of  chlorine  by  the  lime  is  never  as 
complete  as  is  represented  by  the  above  equation,  and  the  com- 
mercial value  of  the  product  depends  upon  the  amount  oi  available 
chlorine  it  contains,  i,e,^  chlorine  which  is  evolved  on  treating  the 
compound  with  hydrochloric  or  sulphuric  add.  This  ranges  from 
50  to  38  per  cent 

When  treated  with  water,  bleaching-powder  is  converted  into 
calcium  chloride  and  hypochlorite,  thus — 

2Ca(0Cl)Cl  =  CaClj  +  CaCOClV 

Bleaching-powder  decomposes  slowly  even  in  stoppered  bottles, 
and  more  rapidly  on  exposure  to  atmospheric  moisture  and  carbon 
dioxide. 

When  acted  upon  by  acids,  chlorine  is  evolved,  thus — 

Ca(OCl)Cl  +  2HC1    =  CaClj    +  HjO  +  Clj 
Ca(OCl)Cl  +  H2SO4  =  CaS04  +  H,0  +  Cl^ 

When  a  solution  of  bleaching-powder  is  treated  with  very  dilute 
acids,  hypochlorous  acid  is  first  liberated,  which  in  contact  with 
hydrochloric  acid  yields  chlorine — 

(i)    Ca(0Cl)2.Aq  +  2HCI.Aq  =  CaClj  4-  2HC10,Aq. 
(2)  HCIO  +  HCl  =  HjO  +  Clj, 

In  the  process  of  bleaching,  the  material  is  first  steeped  in  a 
dilute  solution  of  bleaching-powder,  and  then  in  dilute  acid.  The 
hypochlorous  acid  first  formed  is  decomposed  in  the  presence  of 
excess  of  hydrochloric  acid,  generating  chlorine  within  the  fibr^ 
of  the  wet  cloth. 

Calcium  Sulphate,  CaS04,  occurs  as  the  mineral  anhydrite^ 
and  in  the  hydrated  condition  as  gyfisum^  CaS04,2H20,  of  which 
satinspar  (or  fibrous  gypsum\  alabaster^  and  seleniie  are  different 
varieties.     It  is  obtained  |p  the, hydrated  condition  by  precipita- 
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don  from  a  solution  of  calcium  chloride,  on  the  addition  of  sul- 
phuric acid  or  a  soluble  sulphate.  When  dried  at  no**  to  120*  it 
bses  a  portion  of  its  water,  leaving  the  hydrate,  (CaS 04)2,1120  ;  at 
200'  it  becomes  anhydrous.  Calcium  sulphate,  in  the  hydrated 
oonditioii,  is  slightly  soluble  in  water,  the  solubility  reaching  a 
maiimuin  at  35%  when  i  part  of  the  compound  requires  432  parts 
of  water  for  its  solution ;  above  this  temperature  the  solubility 
again  diminishes.  Its  solubility  is  increased  by  the  presence  of 
alkaline  chlorides  and  free  hydrochloric  acid. 

When  boiled  in  strong  sulphuric  acid,  calcium  sulphate  partially 
disaolves,  and  on  cooling,  an  add  sulphate  crystallises  out,  having 
the  composition  CaSOi^HsSO^. 

FlastOP  of  Paris  is  calcium  sulphate  which  has  been  partially 
deprived  of  its  water  of  hydration  by  heat,  and  converted  into  the 
hjfdrate,  (CaSO|)|H|0.  It  is  manufactured  by  burning  gypsum  in 
a  kiln,  or  oven,  in  such  a  way  that  the  carbonaceous  fuel  does 
not  come  in  contact  with  the  sulphate,  which  would  result  in  its 
reduction  to  sulphide ;  the  temperature  is  not  allowed  to  exceed 
about  150^  If  heated  more  strongly  (above  200*")  the  sulphate 
becomes  anhydrous,  and  is  said  to  be  dead  burnt;  in  this  con- 
dition its  property  of  setting  when  mixed  with  water  is  greatly 
impaired.  When  plaster  of  Paris  is  made  into  a  paste  with  water, 
it  rapidly  sets  to  a  hard  mass :  this  setting  is  due  to  its  rehydra- 
tion, whereby  gypsum  is  reformed,  thus — 

(CaS04)„H,0  +  3HjO  =  2CaS04,2H20. 

Caletmii  CaPbonate,  CaCOs. — This  compound  is  extensively 
met  with  in  nature,  as  limestone^  chalky  marble^  and  innumerable 
varieties  of  calcspar.  It  is  formed  when  lime  is  exposed  to  atmos- 
pheric carbon  dioxide.  It  is  obtained  when  an  alkaline  carbonate 
is  added  to  a  soluble  calcium  salt 

Calcium  carbonate  is  dimorphous ;  it  occurs  as  arragonite  in 
crystals  belonging  to  the  rhombic  system,  and  as  calcspar  in 
crystals  belonging  to  the  hexagonal  system.  Both  these  crystal- 
line varieties  can  be  artificially  obtained  :  when  deposited  from 
solutions  at  the  ordinary  temperature,  the  crystals  are  identical 
with  calcite ;  but  when  crystallised  from  hot  solutions,  they  form 
ihombic  crystals  corresponding  to  arragonite. 

Calcium  carbonate  is  nearly  insoluble  in  water ;  1000  grammes 
pf  water  dissolve  .0018  grammes  of  the  compound.     It  is  more 
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soluble  in  water  charged  \»ath  carbon  dioxide,  foraung  the  acid 
carbonate  of  lime,  CaCO^HsCO,,  or  H|Ca(CO,),. 

I  coo  grammes  of  water  saturated  with  carbon  dioxide  will  dis- 
solve, at  o*,  o,y  grammes  of  calcium  carbonate.  By  increasing  the 
pressure  (thereby  increasing  the  amount  of  dissolved  gas)  as  modi 
as  3  granmies  of  calcium  carbonate  may  be  dissolved.  When  this 
solution  is  boiled,  the  add  carbonate  is  decomposed  (p.  197X 

Caleium  Phosphate  (Jricaldum  orthcpkaspkaU\  CaJ;PO|)k  is 
the  most  important  of  the  phosphates  of  calcitmL  It  is  found  as 
the  mineral  ostedHe^  €%(? 04)1,2  H|0,  and  also  as  som^erik, 
estramaduritey  and  coprdites.  Apatite  consists  of  phosphate  and 
fluoride,  3Ca3(P04)||CaF| ;  and  the  mineral  constituents  of  bones 
consist  chiefly  of  calcium  phosphate. 

It  is  obtained  in  a  pure  state  by  the  addition  of  ordinary  sodium 
phosphate  to  a  solution  of  calcium  chloride,  in  the  presence  of 
ammonia.  The  precipitate  is  decomposed  on  boiling,  into  an 
insoluble  basic  salt,  and  a  soluble  acid  salt.  Although  nearly 
insoluble  in  pure  water,  calcium  phosphate  dissolves  in  water  con- 
taining salts  in  solution,  such  as  sodium  chloride  or  nitrate,  or 
even  dissolved  carbon  dioxide.  On  this  fact  depends  the  readi- 
ness with  which  this  substance  is  absorbed  by  the  roots  of 
plants. 

Calcium  phosphate  is  readily  soluble  in  both  nitric  and  hydro- 
chloric acids.  It  is  decomposed  by  sulphuric  acid,  with  the  forma- 
tion of  monocalcium  orthophosphate  and  calcium  sulphate,  thus— 

Ca3(P04)a  -f  2HsS04  =  2CaS04  +  ^S^^^O;^ 

This  mixture  of  calcium  sulphate  and  monocalcium  phosphate 
is  known  as  superphosphate  of  lime^  and  is  largely  used  as  an  arti- 
ficial manure. 

With  a  larger  quantity  of  sulphuric  acid,  the  phosphate  is  con- 
verted into  tribasic  phosphoric  acid.    (See  Phosphorus,  p.  414.) 

Calcium  Sulphide,  CaS,  is  formed  when  sulphuretted  hydrogen 
is  passed  over  heated  lime — 

Ca(HO),  -f  H,S  =  CaS  +  2HgO. 

Or  by  heating  calcium  sulphate  with  carbon — 

CaSO^-V  4C  -  CaS  -*■  4CO, 


J 
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Caldmn  sulphide  b  decomposed  on  boiling  with  water,  forming 
okiiiin  hydroxide  and  hydrosulphide,  thus — 

2CaS  +  2H,0  -  Ca(HO)a  +  Ca(HS)^ 

Caldtnn  sulphide  (in  common  ¥nth  barium  and  strontium  sul- 
pUdesX  AT  usually  obtaimed^  possesses  the  property  of  emitting  a 
M)le  light  (or  phosphorescence)  in  the  darl^  after  being  previously 
^XMed  to  a  bright  light  The  light  emitted  gradually  diminishes 
is  intensityy  but  on  re-exposing  the  compound  to  the  light,  its 
hminosity  is  again  restored.  This  property  has  been  long  known, 
nd  calcium  sulphide  was  formerly  termed  Ccmtofis  phosphorus. 
The  material  formerly  known  as  Bonoman  (or  Bologman)  phos- 
fkarus  is  the  corresponding  barium  compound. 


various  sulphides  are  now  manufactured  for  the  preparation  of 
KxaDed  luminous  paint  The  phosphorescence  of  these  compounds  appears 
to  be  doe  to  the  presence  of  small  quantities  of  foreign  substances ;  thus,  not 
only  if  the  partk"'"''  colour  of  the  light  emitted  changed  by  the  intentional 
iotradiiction  of  minute  traces  of  bismuth,  cadmium,  manganese,  zinc,  and 
■any  other  metals,  but  it  has  been  shown,  in  the  case  of  caldum  sulphide, 
Ifaat  the  perfectly  pure  substance  does  not  exhibit  phosphorescence. 


BTRONTIXTIL 
Formula,  Sr.    Atomic  weight  =  87.3. 

Oeeomnee. — ^The  chief  natural  compounds  of  this  element  are 
strontlanite^  SrCOn  and  celestine^  SrS04. 

Modes  of  Formatton. — The  metal  was  first  obtained  in  small 
quantity  by  Davy,  by  the  electrolysis  of  the  hydroxide,  or  chloride, 
moistened  with  water. 

It  is  more  advantageously  obtmned  by  electrolysing  the  fused 
chloride.  An  amalgam  of  mercury  and  strontium  (from  which  the 
strontium  may  be  separated  by  volatilising  the  mercury  in  a  stream 
of  hydrogen)  has  been  obtained  by  heating  a  saturated  solution  of 
strontium  chloride  with  sodium  amalgam. 

Properties. — Strontium  is  a  yellowish  metal  resembling  calcium. 
It  is  readily  oxidised  by  air,  and  decomposes  water  at  ordinary 
temperatures  ;  when  heated  in  the  air  it  bums  brilliantly. 

Oxides  of  Strontium. — Two  oxides,  corresponding  to  those  of 
calcium,  are  known,  namely,  strontium  monoxide,  SrO,  and  dioxide, 
SrOj^ 

Strontilim  Monoxide  {strontia),  SiO,  is  obtained  by  heating  the. 
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nitrate  or  carbonate.  It  is  prepared  on  a  large  scale  by  decompose 
ing  strontium  carbonate  by  superheated  steam  ;  carbon  dionde  'n 
evolved,  and  strontium  hydroxide  remains,  which  on  ignition  fonns 
the  monoxide.  Strontia  strongly  resembles  lime.  When  treated 
with  water  it  slakes  with  evolution  of  heat,  forming  strontiiim 
hydroxide,  Sr(HO)s.  The  hydroxide  is  more  soluble  in  water  than 
the  lime  compound,  and  the  solution  on  cooling  deposits  quadratic 
crystals,  Si(HO)s,8H20.    The  solution  is  strongly  alkaline. 

Strontium  hydroxide  combines  with  sugar,  forming  a  sacchanite 
of  strontia,  which  is  readily  decomposed  by  carbon  dioxide.  On 
this  account  it  is  prepared  on  a  large  scale  for  use  in  the  mamh 
facture  of  beet-sugar.  One  process  by  which  it  is  obtained  on  i 
commercial  scale,  consists  in  first  forming  strontium  sulphide,  by 
reducing  the  natural  sulphate  with  carbon,  and  treating  the  solution 
of  the  sulphide  with  sodium  hydroxide,  thus — 

SrS  +  NaHO  +  H,0  «  Sr(HO),  +  NaHS. 

Strontium  Dioxide,  SrOf— When  hydrogen  peroxide  is  added 
to  a  solution  of  strontium  hydroxide,  a  hydrate  of  the  peroxide 
separates  out  in  the  form  of  pearly  crystals,  Sr02,8H20.  On  gently 
heating  this  compound,  it  is  converted  into  the  anhydrous  peroxide. 
On  heating  to  redness  it  evolves  oxygen,  and  is  converted  into  the 
monoxide. 

Strontium  Chloride,  SrCl,,  is  obtained  from  strontianite  by  the 
action  of  hydrochloric  acid.  The  salt  deposits  from  the  solution  in 
deliquescent  hexagonal  prisms,  SrCl^tCHsO,  isomorphous  with  the 
corresponding  calcium  compound. 

Strontium  Sulphate,  SrS04.~The  native  compound  ceUsHtu 
occurs  in  amorphous  fibrous  masses,  and  also  in  rhombic  crystals. 
The  name  of  the  mineral  is  derived  from  the  iAoX,  that  it  usually 
has  a  light-blue  colour.  It  is  produced  by  precipitation  from  a 
strontium  salt  by  sulphuric  acid.  It  is  only  slightly  soluble  in  cold 
water,  and  still  less  in  hot  When  boiled  with  solutions  of  alkaline 
carbonates,  strontium  sulphate  is  completely  converted  into  stron- 
tium carbonate — 

SrS04  +  NajCOs  =  SrCO,  +  Na,S04. 

In  this  respect  strontium  sulphate  differs  from  barium  sulphate, 
which  under  these  conditions  remains  unchanged.  On  treatment 
Brith  strong  sulphuric  acid^stxoutium  sulphate  forms  SrSO^H^SO^ 


I 
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■fakh,  like  the  corresponding  calcium  compound,  is  converted  by 
tater  into  sulphuric  acid  and  the  normal  sulphate. 

Strontinm  Nitrate*  Sr<N03)s,  is  obtained  by  dissolving  the 
ntnxal  carbonate  in  dilute  nitric  acid.  On  concentration,  the 
ahydroas  salt  separates  out  in  regular  octahedrons.  From  dilute 
lolntion,  on  cooling,  it  forms  monosymmetric  prisms,  Sr(N0s)2, 
4H|0,  which  effloresce  on  exposure  to  the  air.  When  heated  with 
Gubon,  or  other  readily  combustible  substances,  the  mixture  in- 
flames^ and  bums  with  the  red  colour  characteristic  of  strontium 
oompounds  ;  strontium  nitrate  is  therefore  largely  used  in  pyro- 
ledmy  for  the  production  of  red  fire.  This  property  is  most 
readily  illustrated  by  mixing  dry  powdered  strontium  nitrate  with 
amznonium  picrate,  and  igniting  the  mixture,  which  burns  with  a 
brilliant  red  light 

BABIUIL 

Symbol,  Bo.    Atomic  weight  =  136.86. 

Oesurraiiee. — ^T*he  most  abundant  natural  compounds  of  barium 

'  are  heavy  spar^  BaS04,  and  witheriiey  BaCOj.    It  occurs  also, 

associated  with  calcium,  in  the  mineral  barytocctlciie^  BaCOsjCaCOj. 


of  Fomnatlon. — ^Tbe  element  barium  is  more  difficult  to  isolate  than 
strontiom  or  caldum,  and  it  is  doubtful  whether  pure  barium  has  ever 
been  obtained.  Davy  electrolysed  various  barium  salts,  made  into  a  thick 
paste  with  water,  nsing  mercury  as  the  negative  electrode :  in  this  way  an 
amalgam  of  barium  was  formed,  from  which,  on  distilling  away  the  mercury, 
a  dark  porous  mass  was  obtained.  Amalgams  of  barium  and  mercury  have 
been  prepared  in  other  ways,  but  it  has  been  shown  that  the  product  obtained 
after  distilling  the  mercury  from  these,  is  not  pure  barium,  but  is  a  solid  alloy 
or  compound  of  barium  with  mercury. 

1^  tbe  dectrolyiis  ctf  the  fused  chloride,  Matthiessen  obtained  small  globules 
of  metal,  which  on  exposure  to  the  air  rapidly  oxidised.  More  recent  experi- 
oenten  fiul  to  obtain  the  metal  by  this  process  (Limb.,  compt  rtnd,^  zxa). 

Ozldai  of  BaFiam. — Two  oxides  are  known,  namely,  banum 
monoxide,  BaO,  and  dioxide,  Ba02. 

Barimn  Monoxide  {baryta),  BaO,  is  usually  prepared  by  heat- 
ing the  nitrate.  The  mass  fuses  and  evolves  oxygen  and  oxides  of 
nitrogen,  leaving  a  greyish  white  friable  residue  of  the  oxide.  It 
may  also  be  obtained  by  heating  the  carbonate  ;  but  as  the  tem- 
perature necessary  to  expel  the  carbon  dioxide  is  very  high,  it  is 
usual  to  mix  the  carbonate  with  lampblack,  tar,  or  other  sub- 
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stances  which  on  heating  will  yield  carbon,  when  the  conversion 
takes  place  more  readily,  carbon  monoxide  being  evolved,  thus — 

BaCO,  +  C  «  BaO  +  SCO. 

Small  quantities  may  readily  be  obtained  by  heating  barium 
iodate  in  a  porcelain  crucible,  when  the  iodate  is  decomposed  as 
follows — 

Ba(IO,)i  -  BaO  +  I.  +  60. 

Barium  oxide  is  a  strongly  caustic  and  alkaline  compound ;  in 
contact  with  water  it  slakes  with  evolution  of  so  much  heat,  that 
the  mass  may  become  visibly  red  hot  if  too  much  water  be  not 
added. 

When  heated  to  a  dull  red  heat  in  oxygen,  or  air,  it  takes  up  an 
additional  atom  of  oxygen  and  forms  the  dioxide  (see  p.  162). 

Barium  Hydroxide,  Ba(H0)2,  ^^  obtained  when  the  monoxide 
is  slaked  with  water.  It  is  manufactured  by  first  heating  the 
powdered  native  sulphate  with  coal,  when  a  crude  barium  sulphide 
is  formed.  This  is  then  heated  in  a  stream  of  moist  carbon 
dioxide,  whereby  it  is  converted  into  the  carbonate,  and  super- 
heated steam  is  then  passed  over  the  heated  carbonate — 

BaS  +  HjO  +  COj  =  BaCOj  +  H,S 
BaCOj  +  H,0  =  Ba(HO)j|  +  CO,. 

Barium  hydroxide  is  soluble  in  water :  the  solution,  known  as 
baryta-water^  absorbs  carbon  dioxide  with  the  precipitation  of 
barium  carbonate. 

The  aqueous  solution  deposits  crystals  of  hydrated  barium 
hydroxide,  Ba(HO)„8H20,  in  the  form  of  colourless  quadratic 
prisms,  which  on  exposure  to  the  air  lose  seven  molecules  of  water. 

Barium  hydroxide,  when  heated  in  a  current  of  air,  yields  barium 
dioxide. 

Barium  hydroxide  was  formerly  employed  in  sugar-refining,  but 
owing  to  its  poisonous  nature  it  has  been  superseded  by  strontium 
hydroxide  (^.«'.). 

Barium  Dioxide  {barium  peroxide),  BaO,.  — This  oxide  is 
obtained  by  heating  the  monoxide  to  a  low  red  heat  in  a  stream  of 
oxygen,  or  of  air  which  has  been  deprived  of  atmospheric  carbon 
dioxide. 

llie  pure  compound  may  be  obtained  by  adding  an  excess  of 
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Wyta-^water  to  hydrogen  peroxide,  when  hydrated  barium  per- 
odde  separates  out  in  crystalline  scales — 

Ba(HO),  +  H,0,  +  6H,0  =  BaO„8H,0. 

On  drying  in  vacuo  at  130*  this  compound  loses  water  and  is 
converted  into  the  anhydrous  peroxide. 

The  commercial  peroxide  may  be  purified  by  treatment  with 
£liite  hydrochloric  add,  whereby  barium  chloride  and  hydrogen 
penndde  are  formed.  After  the  removal  of  insoluble  impurities  by 
fihiation,  baryta-water  is  cautiously  added,  which  causes  the  pre- 
cipitation of  ferric  oxide  and  silica.  The  liquid  is  then  filtered, 
and  to  the  dear  liquid,  consisting  of  a  solution  of  barium  chloride 
and  hydrogen  peroxide,  an  excess  of  strong  baryta-water  is  added, 
when  the  hydrated  barium  peroxide  is  precipitated,  as  already 
explained. 

Bariuroi  peroxide  is  a  grey  powder,  which  on  being  heated  to  a 
bright  red  heat  gives  up  oxygen  and  forms  the  monoxide  (p.  162). 

Dilute  adds  decompose  barium  peroxide,  with  formation  of 
hydrogen  peroxide  and  a  barium  salt.  Concentrated  sulphuric 
add  forms  barium  sulphate  and  ozonised  oxygen.  When  gently 
vanned  in  a  stream  of  sulphur  dioxide,  the  mass  becomes  incan- 
descent and  forms  barium  sulphate — 

BaO,  +  SO,  =  BaSOf. 

Barimn  Chloride,  BaCls,  may  be  obtained  by  dissolving  the 
natural  carbonate  in  hydrochloric  acid.  It  may  be  obtained  from 
the  natural  sulphate,  either  by  first  converting  it  into  the  sulphide, 
and  decomposing  that  with  hydrochloric  acid,  or  by  roasting  the 
mineral  with  powdered  coal,  limestone,  and  caldum  chloride,  when 
the  following  reactions  take  place — 

BaS04  +  4C  =  BaS  +  4C0 
BaS  +  CaClj  =  BaClj  +  CaS. 

The  barium  chloride  is  dissolved  in  water,  and  an  insoluble  oxy- 
sulphide  of  calcium  remains. 

Barium  chloride  forms  colourless  rhombic  tables,  \^2iQ\^%\ijd^ 
whidi  at  15.6*  aro  soluble  to  the  extent  of  43.5  parts  in  100  parts 
of  water.  The  salt  is  nearly  insoluble  in  hydrochloric  acid,  and 
may  therefore  be  precipitated  from  an  aqueous  solution  by  the 
addition  of  this  add. 
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Barium  chloride,  in  common  with  all  the  soluble  salts  of  thii 
element,  is  highly  poisonous. 

Barium  Sulphate,  BaSOi,  is  the  most  abundant  naturally 
occurring  barium  compound.  It  is  frequently  met  with  as  large 
rhombic  crystals.  The  specific  gravity  of  the  mineral  is  4.3  to 
4.7 ;  and  on  account  of  its  high  specific  gravity,  it  received  the 
name  of  barytes^  or  heavy  spar. 

It  is  formed  as  a  heavy  white  precipitate,  when  sulphuric  add, 
or  a  soluble  sulphate,  is  added  to  a  solution  of  a  barium  salt  It  is 
insoluble  in  water,  and  only  very  slightly  soluble  in  dilute  acids. 
It  is  soluble  in  hot  concentrated  sulphuric  add,  espedally  when 
freshly  predpitated ;  and  the  solution  deposits,  on  cooling,  an  add 
sulphate,  BaS04,H|S04.  On  exposure  to  moisture  the  solution 
deposits  crystals  of  BaS04,HsS04,2H|0.  Both  of  these  com- 
pounds, in  contact  with  water,  yield  insoluble  normal  barium 
sulphate  and  sulphuric  add. 

Precipitated  barium  sulphate  is  latgely  used  as  a  pigment, 
known  as  permanent  white. 

Barium  Nitrate,  Ba(N03)^  is  obtained  by  dissolving  the  native 
carbonate,  or  the  sulphide,  in  dilute  nitric  acid.  It  is  also  formed 
by  double  decomposition,  when  hot  saturated  solutions  of  sodium 
nitrate  and  barium  chloride  are  mixed.  The  salt  crystallises  in 
large  colourless  octahedra  belonging  to  the  regular  system.  100 
parts  of  water  at  the  ordinary  temperature  dissolve  9  parts,  and  at 
100',  32.2  parts  of  barium  nitrate.  When  strongly  heated,  it  is 
converted  into  barium  oxide,  with  the  evolution  of  nitrogen  per- 
oxide, oxygen,  and  nitrogen. 

Barium  nitrate  is  used  in  pyrotechny,  in  the  preparation  of 
mixtures  for  green  fire. 

Barium  Sulphide,  BaS,  is  obtained  by  methods  analogous  to 
those  for  preparing  calcium  sulphide  (page  538),  which  it  closely 
resembles  in  its  properties. 


CHAPTER  VII 
BLBMBNTS  OF  GROUP  II.  (FAMILY  B.) 


:,  Zn        .......      65 

Cadmhim,  Cd 11 1.7 

BAercuiy,  Hg  199.8 

The  three  elements  composing  this  family  do  not  exhibit  such 
1  dose  resemblance  to  each  other  as  exists  between  barium, 
strontium,  ami  calcium  ;  for  although  zinc  and  cadmium  are  very 
dosdy  related,  mercury  in  many  respects  differs  widely  from  these, 
and  firom  all  the  other  elements  in  the  same  group. 

Cadmium  and  nnc  are  almost  invariably  found  associated 
together  in  nature,  they  are  both  fairly  permanent  in  the  air, 
and  both  readily  take  fire  and  bum,  when  strongly  heated, 
fofimng  the  oxides.  Both  are  acted  upon  by  dilute  hydrochloric 
and  sulphuric  adds,  with  evolution  of  hydrogen,  and  most  of  their 
sdts  are  isomorphous. 

Mercury  is  peculiar  in  being  liquid  at  ordinary  temperatures. 
2dc  and  cadmium  melt  at  420*"  and  320*"  respectively,  while 
mercory  melts  at  -  58*.8.  It  is  quite  unacted  upon  by  oxygen  at 
ofdinary  temperatures,  and  combines  with  extreme  slowness  when 
heated.     Its  oadde,  also,  is  readily  decomposed  by  heat  into  its 


Dilute  hydrochloric  and  sulphuric  acids  are  entirely  without 
action  upon  it,  and  it  forms  no  hydroxide. 

The  hydroxide  of  zinc,  Zn(HO)],  differs  from  the  corresponding 
cadmium  compound,  in  being  soluble  in  alkaline  hydroxides. 

These  three  elements  resemble  each  other,  and  differ  from 
those  of  fiunily  A  of  this  group,  in  that  they  can  be  volatilised, 
mercury  at  a  temperature  about  357^  cadmium  and  zinc  at 
temperatures  approaching  Iooo^ 

These  three  elements  are  also  alike,  in  that  their  vapours  con- 
sist of  mono-atomic  molecules. 

545  ^^ 
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Symbol,  Zn.    Atomic  weight  =  65. 

OoeurFenoe.— Zinc  is  stated  to  have  been  found  in  Australia  in 
the  uncombined  condition ;  with  this  exception,  it  is  always  met 
with  in  combination,  chiefly  as  carbonate  in  calamine  or  Mine-spar^ 
ZnCOj,  and  as  sulphide  in  nnc-dlende  or  black-jack,  ZnS.  Other 
ores  are  redeincore^  ZnO  ;  zxiA  Jranklinite^  (ZnFe)0,Fes09. 

Gakmte,  or  winC'^nnelU^  has  the  composition  ZnOiAl^Oj. 

Modes  of  FormatiOlL — ^The  ores  chiefly  employed  for  the  pre- 
paration of  zinc  are  the  carbonate  and  sulphide,  although  in  New 
Jersey  the  red  oxide  and  franklinite  are  used.  The  process  con- 
sists of  two  operations,  namely,  first,  the  conversion  of  the  ore  into 
oxide  of  zinc,  by  calcination ;  and,  second,  the  reduction  of  the  oxide 
by  means  of  coal  at  a  high  temperature.  The  calcination  of  the 
natural  carbonate  is  readily  accomplished,  this  compound  merely 
giving  up  its  carbon  dioxide  at  the  high  temperature — 

ZnCOs  =  ZnO  +  CO,. 

In  the  case  of  zinc  blende,  the  operation  consists  in  the  oxida- 
tion of  both  the  sulphur  and  the  zinc  by  atmospheric  oxygen,  thus — 

ZnS  +  30  =  ZnO  +  SO,. 

Considerable  care  has  to  be  exercised  in  order  to  prevent  the 
formation  of  zinc  sulphate,  which,  in  the  subsequent  operation, 
would  be  reconverted  into  sulphide,  and  so  lost.  The  finely- 
crushed  calcined  ore  is  mixed  with  coke  or  coal,  and  heated  to 
bright  redness  in  earthenware  retorts,  when  the  oxide  is  reduced 
with  the  formation  of  carbon  monoxide,  and  the  metal  distils  and 
is  collected  in  iron  receivers.  Zinc  ores  frequently  contain  small 
quantities  of  cadmium,  and  as  this  metal  is  more  readily  volatilised 
tlian  zinc,  it  passes  over  in  the  first  portions  of  the  distilled 
product 

The  two  processes  now  almost  exclusively  in  use  for  the  reduc- 
tion of  zinc,  known  as  the  Silesian  and  the  Belgian  process,* 
differ  only  in  metallurgical  details,  &c. 

*  The  old  method,  known  as  the  English  process ^  or  disHllatUm  ftr 
desunsum^  is  entirely  obsolete.  For  details  of  this  and  all  other  metallurgical 
processes,  the  student  is  referred  to  treatises  on  metallurgy,  such  as  Percy. 
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Commercial  xinc  usually  contains  carbon,  iron,  and  lead,  and 
occasionally  arsenic  and  cadmiunL  It  may  be  obtained  in  a  higher 
degree  of  purity  by  careful  distillation,  but  pure  zinc  is  best  ob- 
tained by  first  preparing  the  pure  carbonate  by  precipitation,  and 
then  calcining  and  finally  reducing  with  charcoal  obtained  from 


PnperCles. — ^Zinc  is  a  bluish-white,  highly  crystalline,  and 
brittle  metaL  At  a  temperature  of  300°  it  can  be  readily  powdered 
in  a  mortaTy  while  between  100*  and  150°  it  admits  of  being  drawn 
into  wire  or  rolled  into  thin  sheet.  The  presence  of  a  small 
qoantity  of  lead  greatly  enhances  this  property,  but  is  detrimental 
when  the  sine  is  required  for  making  brass.  Zinc  which  has  been 
other  rolled  or  drawn,  no  longer  becomes  brittle  when  cold,  but 
retains  its  malleability. 

Zinc  mdts  at  420%  tod  when  heated  in  air  much  beyond  this 
point,  the  metal  takes  fire  and  bums  with  a  bluish-white  flame,  the 
brilliancy  of  which  becomes  dazzling  if  a  stream  of  oxygen  be  pro- 
jected upon  the  burning  mass.  The  product  of  its  combustion  is 
anc  oxide,  ZnO,  which  forms  a  soft,  white,  flocculent  substance  re- 
sembling wool,  and  formerly  known  z,^  philosopher's  wooL 

Zinc  is  permanent  in  dry  air  at  ordinary  temperatures,  but  when 
eqx»ed  to  moist  air  it  tarnishes  superficially  ;  it  is  also  unattackcd 
bf  water  at  the  boiling  temperature.  It  is  soluble  in  a  hot  solution 
of  sodium  or  potassium  hydroxide,  with  evolution  of  hydrogen 

Pore  zinc  is  scarcely  acted  upon  by  pure  sulphuric  or  hydrochloric 
add,  either  dilute  or  strong.  The  presence  of  small  quantities  of 
impurities,  however,  determines  the  solution  of  the  metal  with  the 
n^id  evolution  of  hydrogen,  hence  ordinary  commercial  zinc  is 
readily  attacked  by  these  acids,  and  also  decomposes  water  at  the 
boiling-point  with  the  evolution  of  hydrogen.* 

*  Tbe  diffierenoe  lietweeu  the  behaviour  of  acids  towards  pure  and  com- 
■ardal  line,  was  formerly  explained  on  the  ground  that  the  impurities  present 
fDnaed  with  tbe  ziiic  a  voltaic  couple,  whereby  local  electric  currents  were  set 
xi^  while  in  the  case  ctf  pure  dnc  no  such  action  took  place.  The  recent 
obMTvatkxu  of  PuUinger  (Chem.  Soc. ,  57)  and  Weeren  (Berichte.  24)  show  that 
ifaii  is  not  a  complete  explanation.  Weeren  concludes  that  the  insolubility  of 
pne  BBC  In  dilute  acids,  is  due  to  the  formation  of  a  film  of  condensed  hydrogen 
npoo  tbe  swfaoe  of  the  metal,  which  stops  all  further  action.  The  addition  of 
«»i**i»«"g  agents,  such  as  hydrogen  peroxide,  or  dilute  sulphuric  acid  which  has 
been  electrolyied,  and  thorefore  contains  persulphuric  acid,  tends  to  destroy 
Ihb  film  by  oridfring  tbe  hydrogen,  and  therefore  promotes  the  solution  of  the 
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Zinc  is  extensively  used  in  the  pn>cess  di galvamsingxioxiy  whidi 
consists  in  coating  iron  ¥nth  a  film  of  linc,  not  by  electrical  deposi- 
tion, as  would  be  implied  by  the  name,  but  by  dipping  the  iron 
into  a  bath  of  molten  nnc  The  layer  of  sine  preserves  the  iron 
from  rusting.  Galvanistd  iron  is  better  able  to  withstand  the 
action  of  air  and  moisture  than  tinned  iron,  hence  it  is  extensivdy 
used  for  wire  netting,  corrugated  roofing,  water  tanks,  and  other 
purposes  where  the  metal  is  exposed  to  Uie  oxidising  influence  of 
air  and  water. 

AllojB  of  Zlne. — Zinc  foims  a  number  of  useful  alloys,  the  most 
important  of  which  are  the  various  fonns  of  brass  (see  Copper). 
With  certain  metals^  such  as  tin,  copper,  and  antimony,  nnc  will 
mix  m  all  proportions ;  while  with  others,  such  as  lead  and  bismuth, 
it  is  only  possible  to  obtain  solid  alloys  of  definite  composition. 
When,  tfaoefore,  lead  and  sine  are  melted  together,  although  in 
the  molten  condition  the  mixture  is  homogeneous,  on  cooling,  the 
metals  separate  into  two  layers,  the  lighter  zinc  rising  to  the  surface. 
The  separation  of  the  metals,  however,  is  not  perfect,  for  the  zinc 
will  have  dissolved  a  certain  quantity  of  the  lead  (1.2  per  cent), 
and  the  lower  layer  of  lead  is  found  to  have  dissolved  a  small 
proportion  of  zinc  (1.6  per  cent),  just  as  water  and  ether,  when 
shaken  together,  separate  into  two  layers,  the  uppermost  being  an 
ethereal  solution  of  water,  and  the  lower  an  aqueous  solution  of 
ether. 

This  property  is  made  use  of  in  the  extraction  of  silver  from  lead 
(sec  p.  5i7> 

The  so-called  German  silver^  or  nickel  silver^  is  a  nearly  white 
alloy  of  copper,  nickel,  and  zinc 

Bronze  coinage  consists  of  95  parts  of  copper,  4  of  tin,  and  i  of 
zinc,  the  small  proportion  of  zinc  giving  to  the  alloy  an  increased 
hardness  and  durability. 

Zinc  Oxide,  ZnO,  the  only  oxide  of  zinc,  occurs  native  as  red 
zinc  ore^  the  colour  being  due  to  the  presence  of  manganese.  It  is 
formed  as  a  soft  white  substance,  when  zinc  is  burnt  in  the  air.  It 
is  manufactured  under  the  name  of  zinc  white  by  the  ccnnbustion 

zinc.  He  also  finds,  that  by  mechanically  removing  this  layer  of  hydrogen, 
either  by  constantly  brushing  the  metallic  surface  or  placing  the  materials 
under  reduced  pressure,  the  solution  of  the  zinc  by  the  acid  is  promoted.  It  is 
also  found  that  the  character  of  the  surface  of  the  metal,  whether  smooth  or 
rough,  affects  the  result ;  zinc  that  is  unacted  upon  when  its  surface  is  perfectly 
smooth,  is  more  readily  attacked  by  the  dilute  add  when  its  surfece  is  rough. 


Zinc  Chloride  549 

of  anq  the  fumes  being  led  into  condensing-chambers,  where  the 
(udde  collects. 

Hoc  orade  is  a  pme-white  substance,  which  when  heated  becomes 
ycDov,  but  agun  becomes  white  on  cooling.  When  strongly  heated 
in  OKjgen,  it  may  be  obtained  in  the  form  of  hexagonal  crystals  ; 
nch  crystals  axe  occasionally  found  in  the  cooler  parts  of  zinc 
iiimaoea.  The  oxide  does  not  fuse  in  the  oxyhydrogen  flame,  but, 
Eke  lime,  under  these  circumstances  it  becomes  intensely  incan- 
descent ;  for  some  time  after  being  so  heated  it  appears  phos- 
phorescent in  the  dark.  It  is  insoluble  in  water,  and  does  not 
combine  directly  inth  water  to  form  the  hydroxide.  It  dissolves 
in  adds,  giving  rise  to  the  difierent  zinc  salts.  Zinc  oxide  is  largely 
OMsd  in  the  place  of  ''white  lead"  as  a  pigment :  although  it  does 
not  eqoal  white  lead  in  covering  power,  or  body^  it  possesses  the 
advantage  of  not  being  blackened  by  exposure  to  atmospheric 
sulphuretted  hydrogen. 

One  Hydroxide,  Zn(HO)9  is  formed  as  a  white  flocculent  pre- 
cipitate, when  either  sodium  or  potassium  hydroxide,  or  a  solution 
of  ammonia,  is  added  to  a  solution  of  zinc  sulphate.  The  compound 
is  soluble  in  an  excess  of  either  alkali,  and  is  deposited  from  a 
strong  solution  in  regular  octahedra  of  the  hydrated  hydroxide, 
Zii(HO)^HsO.  Both  of  these  compounds  on  heating,  readily  lose 
water,  and  are  converted  into  the  oxide. 

One  Chloride,  ZnCl^,  is  formed  by  the  direct  combination  of  zinc 
with  chlorine,  or  by  the  action  of  hydrochloric  add  upon  the  metal. 
It  is  also  obtained  in  the  anhydrous  state  by  distilling  a  mixture  of 
neicoric  chloride  and  zinc,  or  a  mixture  of  anhydrous  zinc  sulphate 
and  caldum  chloride. 

It  is  osnally  prepared  on  a  large  scale  by  dissolving  zinc  in 
hydrochloric  add,  and  after  precipitating  any  manganese  and  iron* 
the  liquid  is  boiled  down  in  enamelled  iron  vessels,  until  on  cooling 
it  solidifies ;  it  is  usually  cast  into  sticks. 

Snc  chloride  is  a  soft,  white,  easily  fusible  solid,  which  volatilises 
and  distils  without  decomposition.  It  is  extremely  deliquescent, 
and  readily  soluble  in  water  and  in  alcohol,  its  solution  being 
powerfully  caustic  From  a  strong  aqueous  solution,  deliquescent 
crystals  are  deposited,  having  the  composition  ZnCl^jH^O. 

When  the  aqueous  solution  is  evaporated,  partial  decomposition 
takes  place,  hydrochloric  add  being  evolved,  and  basic  compounds 
bong  predpitated,  consisting  of  combinations  of  the  chloride  and 
aide.     Hence,  during  the  concentration  of  the  liquid  in  the  ^re- 
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paration  of  zinc  chloride,  hydrochloric  add  is  added  to  re-dissolve 
this  compound. 

A  paste  made  by  moistening  nnc  oxide  ^th  zinc  dflbride,  rapidly 
sets  to  a  hard  mass  ;  this  mixture^  under  the  name  of  oxychloride 
of  zinc,  is  employed  in  dentistry  as  a  filling  or  stopping  for  teeth. 

Zinc  chloride  unites  ^th  alkaline  chlorides,  forming  a  series  of 
crystalline  double  salts  having  the  general  formula  ZnCl2,2RCL 

Zinc  Sulphatei  ZnS04,  is  formed  when  zinc  is  dissolved  in 
sulphuric  acid.  It  is  obtained  on  a  large  scale  by  roasting  the 
natural  sulphide,  whereby  it  is  partially  converted  into  the  sulphate, 
which  is  then  extracted  with  water. 

The  salt  crystallises  from  its  aqueous  solution  at  ordinary  tem- 
peratures in  colourless  liiombic  prisms,  ZnS04,7H|0,  isomorphous 
with  MgS047H|0.  It  is  extremely  soluble  in  water ;  loo  parts  of 
water  at  the  ordinary  temperature  dissolve  i6o  parts,  and  at  ioo°, 
653.6  parts,  of  the  crystalline  salts.  When  exposed  to  the  air,  the 
crystals  slowly  effloresce,  and  if  placed  in  vacuo  over  sulphuric 
acid,  or  if  heated  to  100*,  they  lose  six  molecules  of  water,  leaving 
the  mpnohydrated  salt  ZnS04,HjO.  At  a  temperature  about  300* 
this  is  converted  into  the  anhydrous  compound,  and  at  a  white 
heat  it  gives  off  sulphur  dioxide  and  oxygen,  leaving  the  oxide. 

The  hyd rated  salt,  ZnS04,6HjO,  is  obtained  in  the  form  of  mono- 
symmetric  crystals,  when  the  salt  is  deposited  at  temperatures 
above  40".    This  compound  is  isomorphous  with  MgS04,6H|0. 

Zinc  sulphate  combines  with  alkaline  sulphates,  forming  a  series 
of  double  salts,  having  the  general  formula  ZnS04,RjS04,6H20, 
which  are  also  isomorphous  with  the  corresponding  magnesium 
compounds  (page  531). 

Zinc  sulphate,  in  common  with  all  the  soluble  salts  of  zinc,  has 
an  astringent  taste,  and  is  poisonous. 

Zinc  Sulphide,  ZnS. — The  natural  compound,  zinc-hlende^  is 
usually  dark-brown  or  black,  and  exhibits  crystalline  forms  belong- 
ing to  the  regular  system.  The  mineral  wurtzite  is  a  less  common 
variety  of  rinc  sulphide,  crystallising  in  hexagonal  prisms.  Zinc 
sulphide  is  obtained  as  a  white  amorphous  precipitate,  when  an 
alkaline  sulphide  is  added  to  a  solution  of  a  zinc  salt,  or  when 
sulphuretted  hydrogen  is  passed  through  an  alkaline  solution  of  a 
zinc  salt. 

Precipitated  zinc  sulphide  is  insoluble  in  acetic  acid,  but  readily 
dissolves  in  dilute  mineral  acids,  with  evolution  of  sulphuretted 
hydrogen  ;  hence  the  compound  is  not  formed  when  sulphuretted 
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hfdiogen  is  passed  through  a  solution  of  a  zinc  salt  containing  a 
fiee  minend  add. 

Quo  GaPbonate,  ZnCO^  is  obtained  as  a  white  powder,  when 
hydrogen  sodium  carbonate  is  added  to  a  solution  of  zinc  sulphate. 

If  nonsal  sodium  carbonate  be  employed,  the  precipitated  zinc 
compound  consists  of  a  basic  carbonate,  whose  composition  varies 
with  the  conditions  of  temperature  and  concentration  of  the  liquids. 

A  basic  carbonate,  having  the  composition  ZnCOs,2Zn(HO)2,H20, 
is  onployed  as  a  pharmaceutical  preparation,  under  the  name  zinci 

CADMIUM. 

Symbol,  Cd.    Atomic  weight  =  111.7. 

OecarrenOB* — Cadmium  is  never  found  in  the  uncombined  state. 
Tbe  only  natural  compound  of  which  cadmium  is  the  chief  con- 
sdtoenty  is  the  extremely  rare  mineral  greenockite^  which  is  the 
sulphide^  CdS.  Cadmium  occurs  in  small  quantities  in  many  zinc 
Ofes,  sudi  as  the  sulphide  and  carbonate ;  and  in  the  process  of 
estxacting  anc  from  these  ores,  the  cadmium  is  obtained  in  the 
fiist  portions  of  the  product  of  the  distillation,  partly  as  metal, 
and  partly  as  oxide. 

Mode  of  Fomiation. — The  crude  product  of  distillation  is  dis- 
solved in  dilute  sulphuric  or  hydrochloric  acid,  and  the  cadmium 
precipitated  as  sulphide  by  means  of  sulphuretted  hydrogen.  The 
cidmiam  sulphide  is  then  dissolved  in  strong  hydrochloric  acid, 
and  preci]ritated  as  carbonate  by  means  of  ammonium  carbonate. 
The  washed  and  dried  carbonate  is  first  converted  into  oxide  by 
calcination,  and  finally  mixed  with  charcoal  and  distilled. 

PropOFtles. — Cadmium  is  a  bluish- white  metal  resembling  zinc 
in  appearance,  but  much  more  malleable  and  ductile.  It  tarnishes 
superficially  on  exposure  to  the  air,  and,  when  strongly  heated, 
bums  with  the  formation  of  a  brown  smoke  of  cadmium  oxide, 
CdO.  The  metal  is  attacked  by  dilute  hydrochloric  and  sulphuric 
adds,  with  the  evolution  of  hydrogen.  It  readily  dissolves  in  nitric 
add,  yielding  the  nitrate,  with  the  formation  of  oxides  of  nitrogen. 
Cadmiom  is  less  electro-positive  than  zinc,  and  is  precipitated  in 
the  metallic  condition  from  its  solutions  by  that  metal. 

Cadmium  melts  at  320**,  and  when  volatilised  in  an  atmosphere 
of  hydrogen,  it  forms  crystals  belonging  to  the  regular  system. 

Cadinlmn  Oxide,  CdO,  is  formed  as  a  brown  fume  or  smoke. 


5  S  2  Inorganic  Chemistry 

when  cadmium  burns  in  the  air.  It  may  be  obtained  by  heating 
the  carbonate  or  nitrate.  That  obtained  by  the  ignition  of  the 
latter  salt,  is  in  the  fbnn  of  minute  crystals,  having  a  bluish-black 
appearance.  Cadmium  oxide  is  insoluble  in  water,  but  dissolves 
in  adds  yielding  cadmium  salts.  It  is  infusible  in  the  oxyhydrogen 
flame^  but  is  readily  reduced  when  heated  on  charcoal  before  the 
blowpipe ;  and  the  reduced  metal,  as  it  volatilises  and  bums,  forms 
a  characteristic  brown  incnistation  of  oxide  upon  the  charcoal 

Cadmiom  Chloride,  CdCl»  is  obtained  by  the  action  of  hydro- 
chloric add  upon  the  metal  or  the  oxide.  The  salt  is  deposited 
from  the  solution  in  white  silky  crystals,  having  the  composition, 
CdCl2,2H|0.  On  exposure  to  the  air  the  crystals  effloresce,  and 
when  heated  become  anhydrous. 

Cadmiom  Sulphide,  CdS,  is  obtained  as  a  bright  yellow  pred- 
pitate,  when  sulphuretted  hydrogen  is  passed  through  a  solution  of 
a  cadmium  salt  The  predpitate  is  soluble  in  concentrated  hydro- 
chloric and  nitric  acids,  and  in  warm  dilute  sulphuric  add.  Cad- 
mium sulphide  is  insoluble  in  ammonium  sulphide ;  this  property 
readily  distinguishes  it  from  arsenious  sulphide,  which  in  colour 
it  closely  resembles. 

Cadmium  sulphide  is  used  as  a  pigment,  both  in  oil  and  water- 
colours. 

MESCUBY. 

Symbol,  Hg.    Atomic  weight  =  199. 8< 

OocurrenGe. — In  the  uncombined  state  mercury  is  met  with  in 
small  globules,  disseminated  through  its  ores,  especially  the  sul- 
phide. It  is  also  occasionally  found  as  an  amalgam  with  silver 
and  gold.  The  principal  ore  is  cinnabar^  HgS,  and  the  chief 
mines  of  this  ore  are  those  of  Almadcn  (Spain),  Idria  (Camiola), 
California,  and  the  Bavarian  Palatinate. 

Modes  of  Formation. — Mercury  may  be  obtained  from  the 
natural  sulphides,  by  either  roasting  the  ore,  whereby  the  sulphur 
is  oxidised  to  sulphur  dioxide,  and  the  metal  liberated,  or  by  dis- 
tillation in  closed  retorts  with  lime,  when  calcium  sulphide  and 
sulphate  are  formed,  and  the  mercury  set  free.  The  first  method 
is  almost  exclusively  employed. 

At  Idria  the  crude  ore,  consisting  of  cinnabar  mixed  with  shale 
and  earthy  matters,  is  roasted  in  a  furnace,  upon  perforated  arches, 
«,  n' ;  p^p't  Fig.  137.     The  action  of  the  fire  and  heated  air  is  to 


Mercury  5S3 

ao&ae  the  sulphur,  tod  rolatilise  the  tnercary,  and  th«  gases  and 
i^KNin  together  pus  through  a  series  of  flues  or  chambers,  C,  C, 
rim  the  mcrcuiy  condenses. 

B7  the  use  of  a  reverberatoiy  furnace  (the  Albert!  furnace)  the 
pnxeia  can  be  made  continuous.  The  ore  is  fed  into  the  furnace 
thmagh  a  hopper,  and  the  calcined  residue  is  raked  out  through 
n  opening  at  the  opponte  end  of  the  hearth.  The  gases  are 
pused   first  through  iron  pipes,  Icept  cool  by  water,  and  then 


Fig.  137. 

through  a  series  of  chambers  where  the  remaining  metal  is  con- 

The  method  adopted  at  Almaden  is  essenlially  the  same  as  the 
Idrian  process,  except  that  the  condensation  takes  place  in  a  series 
of  pear-shaped  earthenware  vessels,  called  alaiUls,  which  arc  con- 
nected together  as  shown  in  Fig. 

seven  such  aludels,  aie  connected   ^*^'*''*^  '""  "'^^"•^^•'^ 
with  six  opeaings  in  a  chamber  Fic.  \js, 

immediately  above  the  fiimace. 

The  impure  mercury  is  freed  from  mechanically  mixed  impurities 
by  stnining  or  filtering  through  chamois  leather,  but  from  metals 
in  solution,  such  as  linc,  tin,  lead,  and  others,  it  is  purified  by 
dtsdUatioa.  For  laboratory  purposes,  pure  mercury  is  best  obtained 
by  distillation  in  vacuo,  by  means  of  the  apparatus  shown  in  Fig. 
139  (Clarke).  In  this  arrangement  the  mercury  is  distilled  in  a 
Sprtmgtl  vacuum.  The  mercury  (previously  cleaned  by  being 
thoroughly  agitated  with  mercuric  nilralo)  is  placed  in  the  reser- 
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voir  R,  whidi  is  then  placed  upon  the  upper  shelf  S,  and  by  means 
of  the  damp^  mercury  is  allowed  to  pass  into  the  long  wide  tube  T, 
and  up  into  the  bvlb.  The  air  in  the  tube  and  bulb  escapes  down 
the  narrow  iimer  tubc^  which  i«uhes  neariy  to  the  top  of  the  bulb^ 
as  seen  in  the  enlarged  detail,  t  The  mercury  is  allowed  to  rise 
in  the  bulb  and  fell  down  the  loi^  inner  tnbe,  after  the  manner  of 
the  Sprengel  p.ump.    The  reservoir  is  then  placed  upon  the  lower 
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adjustable  stand,  and  its  height  so  arranged  that  the  mercury  in 
ihe  bulb  falls  to  the  position  shown  in  the  Sgure.  This  space  is  a 
Torricellian  vacuum.  The  mercury  is  then  heated  by  a  ring- 
burner,  B,  and  the  whole  is  protected  from  draught  by  the  hood  h. 
As  the  mercury  distils,  it  passes  down  the  inner  tube,  and  by  its 
foil  continues  to  preserve  the  Sprengel  vacuum  within  the  bulb. 
Pt^perties.  — At  ordinary  temperatures  mercury  is  a  brightt  silver- 
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wiiite  liquid  metal  (hence  its  old  name  quicksilver).  When  cooled 
ID  —  58.8*  it  solidifies  to  a  highly  crystalline  solid,  which  is  ductile 
and  malleable,  and  softer  than  lead.  When  the  liquid  is  cooled,  it 
amtiacts  uniformly  until  the  solidifying  point  is  reached,  when 
amsiderable  contraction  takes  place.  Solid  mercury,  therefore,  is 
denser  than  the  liquid  metal,  and  sinks  in  it  The  specific  gravity 
of  licpiid  mercury  at  0°  is  13.596,  while  that  of  the  solid  at  its 
mdting-point  is  14^195.  Mercury  in  extremely  thin  films  appears 
aTioIet  colour  by  transmitted  light. 

Under  a  pressure  of  760  nun.  mercury  boils  at  357.25*,  giving 
a  colourless  vapour.  The  density  of  mercury  vapour  referred  to 
hydiogen  is  ioa93 ;  hence  this  element,  like  its  associates  in  the 
fiunily  to  which  it  belongs,  consists  of  mono- atomic  molecules  when 
in  a  state  of  vapour.  Mercury  gives  off  vapour  even  at  ordinary 
temperatures,  and  a  gold  leaf  suspended  over  mercury  in  a  stop- 
per«i  bottle,  gradually  becomes  white  upon  the  surface,  owing  to 
its  amalgamation  with  the  mercurial  vapour. 

The  vapour  of  mercury  is  poisonous,  giving  rise  to  salivation. 

Mercury  does  not  tarnish  on  exposure  to  the  air,  and  is  unacted 
upon  by  a  large  number  of  gases  :  hence  this  liquid  is  invaluable 
to  the  chemist,  afibrding  a  means  of  collecting  and  measuring 
gases  which  are  soluble  in  water. 

When  subnitted  to  prolonged  heating  in  the  air,  it  is  slowly 
converted  into  the  red  oxide,  which  at  a  higher  temperature  is 
again  decomposed  into  its  elements. 

Mercury  is  obtained  in  the  form  of  a  dull-grey  powder,  when  it 
is  shaken  up  with  oil,  or  triturated  with  sugar,  chalk,  or  lard.  This 
operation  is  known  as  deadening^  and  is  made  use  of  in  the  pre- 
paraticm  of  mercurial  ointment  The  grey  powder  consists  simply 
of  very  finely-divided  mercury,  in  the  form  of  minute  globules. 

Mercury  is  not  attacked  by  hydrochloric  acid.  Strong  sulphuric 
add  is  without  action  upon  it  in  the  cold,  but  when  heated  the 
metal  dissolves,  with  evolution  of  sulphur  dioxide.  Strong  nitric 
acid  n^idly  attacks  it,  with  formation  of  mercuric  nitrate  and 
oxides  of  nitrogen.  Cold  dilute  nitric  acid  slowly  dissolves  it, 
forming  mercurous  nitrate. 

AUoys  of  Meroury. — When  mercury  is  one  of  the  constituents 
of  an  alloy,  the  mixture  is  called  an  amalgam.  Most  metals  will 
form  an  amalgam  with  mercury.  In  some  cases,  as  with  the 
alkali  metals,  the  union  is  attended  with  great  rise  of  temperature. 
In  other  cases,  as  with  tin,  an  absorption  of  heat  takes  place. 
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SocUum  and  potassium  amalgams  are  obtained  by  dissolving 
various  amounts  of  the  metals  in  mercury.  In  contact  irith  water 
they  are  decomposed,  hydrogen  being  evolved,  and  the  alkaline 
hydroxide  formed.  On  this  account  sodium  amalgam  is  frequently 
used  in  the  laboratory  as  a  reducing  agent  When  heated  to 
440*,  these  amalgams  leave  behind  ciystalline  compounds,  Kf  Hg 
and  Na^Hg,  which  spontaneously  inflame  in  contact  with  the  air. 

Zinc  amalgams  are  only  very  slowly  acted  upon  by  dilute  sul- 
phuric acid;  therefore,  by  the  superficial  amalgamation  of  die 
zinc  plates  used  for  galvanic  batteries,  the  same  result  is  ob- 
tained, as  though  the  sine  were  perfectly  pure  (see  page  547),  and 
no  solution  of  zinc  takes  place  until  the  electric  circuit  is  cIoscmL 

Tin  amalgams  are  employed  for  the  construction  of  ordinary 
mirrors. 

Amalgams  of  gold,  and  also  copper  and  zinc,  are  used  in 
dentistry  as  a  filling  or  stopping  for  teeth. 

Oxides  of  MercUFy. — Two  oxides  are  known,  namely,  mercu- 
rous  oxide,  HgjO,  and  mercuric  oxide,  HgO. 

Mercurous  Oxide,  Hg^O,  is  obtained  as  an  unstable  dark-brown 
or  black  powder,  when  sodium  hydroxide  is  added  to  mercurous 
chloride.  When  exposed  to  the  light,  or  when  gently  heated,  it  is 
converted  into  mercuric  oxide  and  mercury. 

Mercuric  Oxide,  HgO,  is  produced  in  small  quantity  by  the  pro- 
longed heating  of  mercury  in  contact  with  air,  or  by  igniting  the 
nitrate.  It  is  prepared  on  a  large  scale  by  heating  an  intimate 
mixture  of  mercuric  nitrate  and  mercury.  Obtained  by  these 
methods,  it  is  a  brick-red  crystalline  powder;  but  when  sodium 
hydroxide  is  added  to  a  solution  of  a  mercuric  salt,  the  oxide  is  pre- 
cipitated as  an  orange-yellow  amorphous  powder.  When  heated, 
mercuric  oxide  first  darkens  in  colour,  and  gradually  becomes 
almost  black,  but  returns  to  its  original  bright  red  colour  on  cool- 
ing.   At  a  red  heat  it  is  completely  decomposed  into  its  elements. 

Salts  of  Mercury. — Two  series  of  salts,  corresponding  to  the 
two  oxides,  are  known — (a)  mercurous  salts,  in  which  two  atoms  of 
the  hydrogen  of  the  acids  are  replaced  by  the  divalent  radical, 
or  double  atom  (Hgg) ;  and  (jS)  mercuric  salts,  in  which  the 
same  amount  of  hydrogen  is  replaced  by  the  single  divalent 
atom  (Hg).    All  the  mercury  salts  are  poisonous. 
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(a)  MEKCUROUS  SALTS. 

euroUB  Chloride,  HgaCl,  {calomel),  is  met  with  in  small 
ties  as  the  mineral  horn  mercury.  It  may  be  obtained  by 
dition  of  sodium  chloride,  or  hydrochloric  acid,  to  a  solution 
rcurous  nitrate.  On  a  large  scale  it  is  usually  prepared  by 
^.  a  mixture  of  mercuric  chloride  and  mercury,  when  the 
chloride  subhmes  as  a  white  or  translucent  fibrous 


en  a  mixture  of  mercuric  sulphate,  common  salt,  and  mercury 
ted,  mercurous  chloride  is  also  obtained,  thus — 

HgS04  +  2NaCl  +  Hg  =  Na2S04  +  HgjCl^ 

omel  is  perfectly  tasteless,  and  is  insoluble  in  water.  When 
1,  it  vaporises  without  fusing.  The  density  of  the  vapour 
s  formed  by  heating  mercurous  chloride  is  117.59,  which  is 
hat  demanded  by  the  formula  Hg^Cls.  It  has  been  shown, 
rer,  that  the  compound  dissociates  when  vaporised,  into 
iric  chloride  and  mercury.^  Boiling  hydrochloric  acid  de- 
ysits  mercurous  chloride  into  mercury,  which  separates  out, 
lercuric  chloride,  which  dissolves. 

ranrons  Nitrate,  Hgj2(N03)2,  is  deposited  in  the  form  of 
rless  monosymmetric  crystals  containing  2H2O,  from  a  solu- 
»f  mercury  in  cold  dilute  nitric  acid.  The  salt  is  soluble  in 
acidulated  with  nitric  acid,  but  an  excess  of  water  causes 
ledpitation  of  a  basic  nitrate  having  the  composition — 

Hg,(NO,)„HgAH,0  (or  2Hg,(NO:0(HO)), 

t,  on  boiling,  is  converted  into  mercuric  nitrate  and  mercury. 
ber  this  or  the  normal  salt,  be  boiled  in  the  presence  of  an 
s  of  mercury,  a  basic  nitrate  of  the  composition — 

Ig«(NO,)^Hg,0,2HaO  (or  Hg^N03)^4Hg,(N03)(HO)), 

ained. 

peurous  Sulphate,  Hg2S04,  is  obtained  as  a  white  crystalline 
utate,  when  dilute  sulphuric  acid  is  added  to  a  solution  of 
irous  nitrate.     It  is  very  slightly  soluble  in  water. 

*  Harris  and  Meyer.     Berichte,  juiic  1894. 
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Oi)KBBOUBIC  SALTS. 

Mereorie  Chloride^  HgCl|  {corrosive  sublimaie\  is  fonned  when 
chlorine  is  passed  over  heated  mercury.  It  is  pr^ared  on  a  lai^ 
scalcf,  by  heating  a  mixture  of  mercuric  sulphate  and  common  salt ; 
a  small  quantity  of  manganese  dioxide  being  added,  to  prevent 
as  ^  as  possible,  the  fbimation  of  mercurous  chloride.  The 
mercuric  chloride  sublimes  as  a  white  translucent  mass.  It  dis- 
solves in  water  to  the  extent  of  6^57  parts  in  100  parts  of  water  at 
10*,  and  54  parts  in  the  same  volume  of  water  at  100%  forming  an 
add  solution  from  which  the  salt  is  deposited  in  long  white  silky 
needles.  It  readily  melts,  and  volatilises  unchanged.  It  dissolves 
without  decomposition  in  nitric  add,  and  in  sulphuric  add,  and 
volatilises  unchanged  from  its  solution  in  the  latter  add  on  boiling. 

Mercuric  chloride  is  a  violent  poison  :  the  best  antidote  is  albu- 
men, with  which  it  forms  an  insoluble  compound.  It  has  also 
strong  antiseptic  properties,  and  on  this  account  is  largely  used  by 
taxidermists. 

With  hydrochloric  acid,  mercuric  chloride  forms  two  crystalline 
double  chlorides,  HgCl|,HCl  and  2HgC]2,HCl ;  and  with  the 
alkaline  chlorides  it  fonns  a  number  of  similar  double  salts,  of 
which  the  ammonium  compound,  HgCls,2NH4Cl,H|0,  was  known 
to  the  early  chemists  under  the  name  sal  edembrotK 

Mercuric  Iodide,  Hgl^. — When  mercury  and  iodine  are  rubbed 
together  in  a  mortar,  and  moistened  with  a  small  quantity  of 
alcohol,  the  red  mercuric  iodide  is  formed.  It  is  also  obtained  by 
precipitation  from  a  solution  of  mercuric  chloride,  upon  the  addition 
of  potassium  iodide.  The  precipitate  first  appears  yellow,  but  in  a 
few  seconds  becomes  scarlet. 

Mercuric  iodide  is  insoluble  in  water,  but  readily  dissolves  in 
either  mercuric  chloride  or  potassium  iodide,  and  also  in  alcohol 
and  in  nitric  acid.  From  its  solutions  it  is  deposited  in  scarlet 
quadratic  octahedra. 

Mercuric  iodide  is  dimorphous  ;  when  heated  to  about  1 50*,  the 
scarlet  quadratic  crystals  are  changed  into  bright  yellow  rhombic 
prisms.  At  ordinary  temperatures  this  yellow  rhombic  form  is 
unstable,  and  on  being  lightly  touched  it  is  at  once  retransformed 
into  the  red  quadratic  form.  At  very  low  temperatures,  however, 
the  yellow  variety  is  the  more  stable  :  thus,  when  the  red  crystals 
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are  exposed  to  the  temperature  of  evaporating  liquid  oxygen,  they 
pass  into  the  yellow  variety. 

MOFeurie  Nitrate,  Hg(NOs)|,  is  prepared  by  boiling  nitric  acid 
with  mercury,  until  sodium  chloride  produces  no  precipitate  with  a 
ample  dL  the  liquid.  If  this  solution  be  evaporated  over  sulphuric 
addy  deliquescent  crystals  are  obtained  of  2Hg(NO,)|,H20,  while 
die  mother  liquor  has  the  composition  Hg(NOs)8,2H20. 

Mercuric  nitrate  exhibits  a  great  tendency  to  form  basic  salts  : 
dms,  idtien  dits  mother  liquor  is  boiled,  the  compoimd  Hg(N03}2, 
HgOySHjO  is  precipitated.  When  this  compound,  or  the  normal 
nitiate,  is  treated  with  an  excess  of  cold  water,  there  is  formed  the 
still  more  basic  salt  Hg(NOs),2HgO,H,0. 

Maomirie  Sulphide,  HgS  {cinnabar), — When  mercury  and 
sulphur  are  triturated  together  in  a  mortar,  or  when  excess  of 
solfAnretted  hydrogen  is  passed  into  a  solution  of  a  mercuric  salt, 
merciuric  sulphide  is  obtained  as  a  black  amorphous  powder.  If 
thb  be  sublimed,  it  is  obtained  as  a  red  crystalline  substance. 

Mercuric  sulphide  in  the  red  condition,  is  also  obtained  by 
Agesting  the  black  amorphous  product  for  some  hours  in  alkaline 
sulphides.  A  soluble  double  sulphide  is  first  formed,  which  when 
heated,  is  decomposed,  ^th  the  deposition  of  red  mercuric  sulphide. 
This  compound  is  manufectured  on  a  large  scale  for  use  as  the 
pigment  ivnvii/iri^ii. 

Mercuric  sulphide  is  insoluble  in  either  nitric,  hydrochloric,  or 
sulphuric  add  In  the  presence  of  an  alkali  it  is  soluble  in  sodium 
or  potassium  sulphide,  and  deposits  crystals  from  these  solutions 
having  the  composition  HgS,NasS,8HaO,  and  HgS,KaS,5HaO 
respectively. 

Ammonlaeal  Mereury  Compounds.— These  may  be  regarded 

as  ammonium  salts,  in  which  two  atoms  of  hydrogen  in  ammonium 
(NH4)  have  been  replaced  by  either  (Hg^)  in  the  mercurous^  or  by 
(Hg)  in  the  nurcuric  compounds  ;  the  two  atoms  so  replaced,  being 
either  drawn  from  one  and  the  same  ammonium  group,  or  from  two. 


(«)  MBBOUBOUS  GOHPOUNDS. 

HereoYOus  Ammonium  Chloride,  (NH,Hg^Cl,  is  the  black 
powder  produced  by  the  action  of  aqueous  ammonia  upon  calomel, 
thus— 

HgiCl,  +  2NH,aq  =  (NHjHgOCl  +  NH^Claq. 
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Merenroiis  Ammonluiii  mtnte,  (NHaHg|)NOs,  is  foimed,  to- 
gether with  other  compounds,  when  aqueous  ammonia  is  added  to 
mercurous  nitrate. 

Mereuroiui  Diammoiiiam  Chloride,  ^^*S!  \  Hgs  or  (NH^i 

HgsCl^  is  obtained  when  calomel  absorbs  diy  gaseous  ammonia. 
On  exposure  to  the  air,  it  gives  up  its  ammonia,  and  is  reconverted 
into  mercurous  chloride. 


Ill    luini 


MeFeoric  Ammoniiim  Chloride,  (NH,Hg)Cl  (iftfusible  wkiu 
pr$ciffiiati^  is  formed  when  ammonia  is  added  to  a  solution  of 
mercuric  chloride — 

HgCl,  +  2NH3  =  (NH,Hg)a  +  NH4CI. 

Dimercurie  Ammoninm  Chloride,  (NHg,)CI,  is  obtained  by 
the  action  of  water  on  the  preceding  compound. 

MereurteDiammonium Chloride, ^l^'^l  \  Hg.orrNHOjHgCL 

NH5CI    )  ^m       ^        • 

(fusible  white  precipitate)^  is  obtained  by  adding  mercuric  chloride 
to  a  boiling  aqueous  solution  of  ammonium  chloride  and  ammonia, 
until  the  precipitate  which  first  forms,  no  longer  dissolves.  On 
cooling,  the  solution  deposits  small  crystals  belonging  to  the 
regular  system. 

Ozy-dimereurie  Ammonium  Iodide,  (NHj,Hg)I,HgO,  is  pro- 
duced by  the  action  of  aqueous  ammonia  upon  mercuric  iodide, 
thus — 

4NH3  +  2HgIa  +  HjO  =  (NHjHg)I,HgO  +  3NH4I. 

It  is  readily  produced  as  a  brown  precipitate,  by  adding  amnK)nia 
to  a  solution  of  mercuric  iodide  in  potassium  iodide  containing  an 
excess  of  potassium  hydroxide. 

The  alkaline  solution  of  potassium  mercuric  iodide  is  known  as 
Nestler's  solution^  and  constitutes  a  delicate  reagent  for  detecting 
the  presence  of  ammonia.  Minute  traces  of  free  ammonia  in  solu- 
tion produce  a  yellow  or  brown  coloration  with  this  test. 
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With  the  exception  of  boron,  aluminium,  and  thallium,  the  mem- 
bers of  this  group  are  amongst  the  rarest  of  the  elements.^  Some 
of  these  occur  only  in  minute  traces  in  certain  ores  of  other  metals  : 
soch  is  the  case  with  the  elements  gallium  and  indium,  which  are 
met  with  in  certain  specimens  of  zinc  blende,  the  ore  being  con- 
ndered  rick  in  gallium  if  it  contains  as  much  as  0.002  per  cent,  of 
this  diement  Both  gallium  and  indium  were  discovered  by  means 
of  the  spectroscope;  the  latter  by  Reich  and  Richter  (1863),  and 
named  indium  on  accouj^  of  two  characteristic  lines  in  the  indigo- 
Uue  part  of  the  spectrum ;  gallium  by  Lecocq  de  Boisbaudran 
(1875},  and  named  after  his  own  country.  The  spectrum  of  this 
metal  is  characterised  by  two  violet  lines.  One  of  the  most 
remaricable  properties  of  gallium  is  its  extremely  low  fiising-point, 
the  metal  melting  at  3a  15^  (For  a  comparison  of  the  properties 
of  gallium  with  Mendelejeffs  eka-alumimum^  see  p.  109.) 

Others  of  these  elements  are  met  with  in  certain  rare  minerals, 
thus,  lanthanum  occurs  in  the  mineral  orthiU  (from  Greenland) ; 
and  both  yttrium  and  lanthanum  (associated  also  with  the  rare 
dements  cerium  and  erbium)  are  found  in  gadolimle^  or  ytterbUe 
(from  YtterfoyX 

Boron  (the  typical  element  of  the  group)  is  the  only  non-metal : 
all  the  others  exhibit  well-marked  metallic  properties.  They  all 
yield  sesquioxides  of  the  type  R1O3 ;  in  the  case  of  boron  this 
oxide,  BsO»  is  acidic. 

*  For  detailed  descriptions  of  the  rare  elements,  the  student  is  referred  to 
larger  treatiies,  or  to  chemical  dictionaries. 
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Hulltum  m  many  respects  is  peculiar.     It  fonns  two  senes 
componndj  }  in  one  class  it  functions  as  a  monovalent,  and  in  t 
other  as  a,  tiivalent  element.     In  some  of  its  properties  it  exhibit! 
doM  analogrto  the  alkali  metals  ;  thus,  it  forms  a  soluble  strong 
alkaline  hydrtucide,  TIHO,  correspond! og-  lo  KHO.     And  many  of 
its  salts,  sudi  as  the  sulphate,  TI,SO, ;  perchlorate,  TICIO,,  and 
the  phosphates,  are  isomorphous  with  the  corresponding'  patassium 
compoucds. 

Thalliiim  also  shows  many  properties,  in  common  with  lead, 
which  in  the  periodic  system  is  the  next  element  in  the  series 
(the  fenitfa  long  series).  Thus,  the  chloride,  like  lead  chloride, 
is  thrown  down  as  a  while  ctiidy  precipitate  on  the  additic 
bydrocbloric  acid  to  a  soluble  sail  of  the  metal,  and  like  lead 
chloride^  thallous  chloride  is  soluble  in  hot  water.  Thallous 
iodide  also  closely  resembles  lead  iodide,  being  formed  as  a  yellow 
crystalline  prtcipitale  wben  potassium  iodide  is  added  lo  a  soluble 
thallous  salt 

Metallic  thallium  also  bears  the  closest  resemblance  to  metallic 
lead. 

In  the  tkatlic  compounds  this  element  is  more  closely  related  to 
the  other  members  of  this  family  :  thus  thallic  oxide,  TtgO,  ;  thallic 
chloride,  TlCl, ;  and  thallic  sulphide,  TT^  are  analogous  to  the 
corresponding  boron  compounds,  BjO^  BCI),  BjS,. 


Syntiol,  R     Atomic  wciglit  =  10.9. 

OccUFrenoe. — The  dement  horon  has  never  been  found  in  the 
free  state.  In  combination  it  occurs  principally  as  boric  acid  in 
volcanic  steam,  and  as  metallic  borates,  of  which  the  commonest 
are  tirtcal,  a  crude  sodium  borate,  or  borax,  NajBgOy ;  boracitt 
and  cohmanite,  or  berate  ipar,  CatB^Oi, ;  and  boronatrvcaldte,  or 
u/exife,  Ca,B,0,„Na5B,0„ieH,0. 

■odes  of  Fonnatlon. — (i.)  Boron  may  be  prepared  hy  heating 
boron  trioxide  with  either  sodium  or  potassium  in  a  covered 
crucible— 

BjOj  +  3K,  =  3KjO  +  2B. 

The  fiised  mass  is  boiled  with  dilute  hydrochloric  acid,  and  the 
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bonniy  which  is  in  the  form  of  a  dark-brown  powder,  is  separated 
\ff  filtration. 

(3.)  The  element  may  also  be  obtained  by  heating  potassium 
boiofluoride  with  potassium — 

BF»KF  +  3K  »  4KF  +  a 

(3.)  Boron  is  also  formed  when  potassium  is  heated  in  the 
vapour  of  boron  trichloride — 

BCl,  +  8K  «  8KC1  +  B. 

Piuportlfli. — Boron,  as  obtained  by  these  methods,  is  a  dark 
greenish-brown  powder.  When  strongly  heated  in  air  it  bums, 
muting  both  with  oxygen  and  nitrogen,  forming  a  mixture  of  boron 
trioxide^  BgOn  and  boron  nitride,  BN.  It  is  unacted  upon  by  air 
at  ordinary  temperatures. 

Boron  has  no  action  upon  boiling  water,  but  cold  nitric  acid 
converts  it  into  boric  acid— 

B  +  3HNO,  =  H3BO3  +  SNOo. 

When  heated  with  sulphuric  acid  it  is  similariy  oxidised — 

SB  +  3H,S04  =  B,Os  +  SSOjf  +  BHjO. 

When  fused  with  alkaline  carbonates,  nitrates,  sulphates,  and 
hydroxides  it  forms  borates  of  the  alkali  metals,  thus — 

SB  +  3Na,COj  =  SNajBOg  =  3CO. 
SB  +  6KHO      ^gKjBOg    -  SH^. 

Boron  dissolves  in  molten  aluminium,  which  on  cooling  deposits 
crystnls  of  a  compound  of  aluminium  and  boron.^ 

Boron  Trioxide,  B|Oj,  is  formed  when  boron  burns  in  the  air, 
or  in  oxygen.  The  readiest  method  for  its  preparation  consists  in 
heating  boric  acid  to  redness,  when  it  fuses  and  gives  up  water— 

2B{H0),  =  3H,0  +  B,0,. 

PrOporCIOS. — The  fosed  mass  solidifies  to  a  transparent,  colour- 

•  This  compound  ¥ras  at  one  time  mistaken  for  an  allotropic  modification 
of  boron. 
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less,  vitreous  solid,  which  gradually  absorbs  atmospheric  moisture, 
and  becomes  opaque.  It  is  not  volatile  below  a  white  heat,  and 
on  this  account,  although  only  a  feeble  add,  it  is  capable  at  high 
temperatures  of  displacing  strong  acids  which  are  volatile,  from 
their  combinations  ;  thus,  when  boron  trioxide  is  fused  with  potas- 
sium sulphate,  potassium  borate  is  formed,  and  sulphur  trioxide 
expelled— 

B,0,  4-  3KsS04  -=  SB(KO)|  +  380,. 

Boron  trioxide  at  a  high  temperature  is  capable  of  dissolving 
many  metallic  oxides,  some  of  which  impart  to  the  fused  mass  a 
characteristic  colour. 

Boron  forms  three  oxyadds,  namdy — 

Orthoboric  add,  B(HO)„  or  H,BOr 

Metaboric  acid,  B80jj(H0)g,  or  HjTVjOi,  or  BjOjjHjO. 

Pyroboric  acid,  B^OftCHO),,  or  H2B4O7,  or  2B203,HoO. 

Orthoboric  Acid,  or  Boric  Acid,  B(H0)8,  occurs  naturally, 
both  in  the  waters  and  in  the  jets  of  steam  which  issue  from  the 
ground  in  many  volcanic  districts,  notably  in  Tuscany. 

The  actual  amount  of  boric  add  in  these  natural  jets  of  steam, 
or  soffiom\  is  very  small ;  but  as  the  steam  becomes  condensed  in 
the  pools  of  water,  or  lagoons,  which  often  surround  the  jets,  the 
amount  of  boric  acid  with  which  the  water  becomes  charged,  is  suffi- 
cient to  constitute  this  a  profitable  source  of  supply.  To  obtain  the 
acid,  large  brick- work  basins  are  built  round  the  steam  jets,  in  such 
a  niiinner  that  the  liquid  can  be  caused  to  flow  from  one  to  another. 
Water  is  placed  in  the  highest  basin,  and,  after  the  steam  from  the 
fumaroles  beneath  it  has  blown  through  for  twenty-four  hours,  the 
liquid  is  passed  on  to  the  second  basin,  and  a  fresh  supply  of  water 
is  run  into  the  first  In  this  way  the  water  passes  on  through  a 
series  of  four  or  five  such  basins,  receiving  the  steam  of  the  soffioni 
for  twenty-four  hours  in  each.  The  muddy  liquor,  after  passing 
through  a  settling  reservoir,  is  concentrated  by  evaporation,  the 
heat  from  the  natural  steam  being  utilised.  The  concentrated 
liquor,  having  a  specific  gravity  about  1.07,  is  allowed  to  cool  in 
lead-lined  tanks  ;  and  the  crystals,  after  being  drained,  are  dried 
upon  the  floor  of  a  chamber,  also  heated  by  the  natural  steam. 
The  crude  boric  acid  thus  obtained,  is  purified  by  recrystallisa- 
tion. 
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Boric  acid  may  be  prepared  by  the  action  of  sulphuric  acid,  or 
hydrochloric  add,  upon  a  strong  solution  of  borax— 

NasB«Or  +  5H,0  +  2HC1  =  2NaCl  +  4H3BO3. 

Properties — Boric  acid  crystallises  in  lustrous  white  laminse, 
which  are  soft  and  soapy  to  the  touch.  100  parts  of  water  at  18° 
dissolve  3.9  parts  of  the  add.  The  aqueous  solution  turns  blue 
Etmus  to  a  port  wine  red,  similar  to  the  colour  produced  by  car- 
bonic add.  In  contact  with  turmeric  paper,  it  gives  a  brown 
staun,  resembling  that  caused  by  alkalies,  but  readily  distinguished 
by  not  being  destroyed  by  adds,  and  by  being  turned  black  in 
contact  with  a  solution  of  sodium  hydroxide.  Boric  add  is  more 
soluble  in  alcohol  than  in  water ;  and  when  this  solution  is  boiled, 
a  portion  of  the  boric  acid  volatilises  with  the  alcohol,  and  imparts 
a  green  colour  to  the  flame  of  the  burning  vapour. 

The  orthoborates  are  mostly  unstable  salts. 

Metaborle  Aeid,  H2B2O4,  is  obtained  when  boric  acid  is  heated 
to  loo'— 

2H3BO3  =  2HjO  +  HgBjO^. 

The  metaborates  are  more  stable  salts  than  the  orthoborates. 
The  add  is  dibasic,  and  forms  normal  and  acid  salts,  as  well  as 
super-add  salts,  thus — 

Normal  potassium  metaborate   .  K2B3O4. 

Add  potassium  metaborate  HKB^O^. 

Super-add  potassitmi  metaborate  HKB^OfyH^B^O^. 

Pyroberle  Aeid,  H2B4O7,  is  obtained  by  heating  either  meta- 
boric  add,  or  orthoboric  add,  to  140*  for  some  time — 

2H,B,04  =  HjO  +  HjB^Oy. 
4H,B03  =  5H,0  +  H2B4O7. 

Borax. — ^The  most  important  salt  of  pyroboric  acid  is  the  sodium 
salty  ordinary  borax,  NasB407.  This  compound  occurs  naturally 
as  the  mineral  Hncal,  It  is  manufactured  from  boric  acid  by 
double  decomposition  with  sodium  carbonate — 

4H,B03  +  Na^COs  =  Na3B407  +  GH.O  +  CO^ 

Anhydrous  sodium  carbonate  is  added  to  a  boiling  solution  of 
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boric  arid,  and  the  liquid  is  then  allowed  to  ctystallise,  when  it  ' 
tbiois  large  transpareat  prisms  belonging  to  the  mono-lymmetric 
system,  of  the  composition  Na,B,Oj,10H,0. 

Borax  is  also  obtained  from  the  natural  calcium  borate,  which 
bas  the  composition  Ca^BiOn.  The  powdered  mineral  is  boiled 
with  water,  and  soda  ash  is  added  to  the  mixture,  when  calcium 
carbonate  is  precipitated,  and  a  mixture  of  borax  and  sodium 
metaborale  is  formed — 

Ca,B,Ou  +  SNajCOj  =  SCaCO,  +  NajB^O,  +  Na,B,0«. 

On   crystallisation,  the   boiax   deposits,  and   the  more  soluble 
netaborate   remains    in   the    mother   liquor.      On   concentrating 
tiwsc  mother  liquors,   and  blowing  carbon   dioxide   through   the 
solution,  the  meiaborale  is  converted  into  borax,   which  is   pre-   ■ 
ripitated  as  a  fine  meal,  leftving  sodium  carbonate  in  Mriution — 

SNOiBiO,  +  CO,  =  Na,CO,  +  NajB,©,. 

When  heated,  borax  loses  its  water  of  crystallisation,  and  swells 
up,  forming  a  white  porous  mass,  which  finally  melts  to  a  dear 
glass. 

One  hundred  parts  of  water  at  io°  dissolve  4.6  parts  of  crystal- 
lised borax,  and  at  100°,  301.4  parts ;  the  solution  possesses  a  fe^le 
acid  reaction. 

When  deposited  slowly  from  warm  stdutions,  borax  crystallises 
in  octahedra  belonging  to  the  regtilar  system,  and  having  the 
composition  NatBfOT,6H,0. 

Boron  Trifluorlde,  BF^  is  formed  when  boron  is  brought  into 
fluorine :  the  boron  takes  fire  spontaneously  in  the  gas,  forming 
the  trifluoride. 

It  is  also  produced  when  a  mixture  of  dry  powdered  fluorspar 
and  boron  trioxide  is  heated  to  redness  in  an  iron  vessel,  calcium 
borate  being  at  the  same  time  produced — 

SBjO,  +  3CaF,  -  Ca,B,0,  +  2BFj. 

It  is  more  conveniently  prepared  by  heating  together  fluorspar, 
boron  trioxide,  and  sulphuric  add.  Tike  reaction  may  be  regained 
as  taking  place  in  two  st^es,  thus — 

(1.)    CaK, +  H,SO,  =  CaSO, +  2HF, 
<2.}    B,0,  +  6HF*-3H,0 -t-2BF,. 
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• 

» — Boron  triflaoride  is  a  colourless,  pungent-smeHing 
gaS|  which  fianes  strongly  in  moist  air  on  account  of  its  powerfol 
affinity  for  water.  So  great  is  this  affinity,  that  a  strip  of  paper 
introduced  into  the  gas  is  charred,  by  the  abstraction  of  the 
dements  of  water. 

Boron  fluoride  neither  bums,  nor  supports  the  combustion  of 
oidinaxy  combnstibles.  When  potassium  is  heated  in  the  gas,  it 
boms  brilliantly,  fonning  the  borofluoride. 

At  o^  one  volmne  of  water  dissolves  about  1000  volumes  of  the 
gaS|  the  absoiption  being  attended  with  rise  of  temperature. 

When  the  fM  b  pawed  into  water  until  the  solution  is  distinctly  add,  a 
of  metaboric  acid  and  hydrofluoboric  add  is  obtained ;  the  former 
out,  white  the  latter  remains  in  solution — 

8BF,  +  4H,0  =  H,B304  -f  6HBF4. 

When  the  gas  is  passed  into  water  until  the  latter  is  saturated,  a  S3mip-like 
Hquid  is  obtained  nAiich  chars  organic  matter  and  is  strongly  corrosive.  This 
iqnid  ia  sometimes  called  fluoboric  add,  and  contains  boron  trifluoride  and 
water  in  the  proportions  represented  by  the  formula  2BFs,4H|0 ;  or  it  may 
be  regarded  as  consisting  of  metaboric  add  and  hydrofluoric  add,  as  ex- 
pressed by  the  formula  HfB^4,6HF.*  In  presence  of  an  excess  of  vrater, 
lUi  mbstanoe  b  decomposed  into  metaboric  acid  and  hydrofluoboric  add. 

When  mixed  with  its  own  volume  of  dry  ammonia  gas,  boron  fluoride  forms  a 
while  crystalline  compound,  having  the  composition  represented  by  the  formula 
BFs,NH^  Thb  snbstance  may  be  sublimed  without  change.  Two  other 
compounds  with  anunom'a  are  known,  namely  BF8,2IIN8,  and  BFs,3NH3. 
Ttaeie  are  both  colourless  liquids,  which  on  being  heated  give  off  ammonia, 
leaTing  the  solid  BFj.NH,. 

The  salts  of  hydrofluoboric  add,  HBF4,  are  known  as  borofiuorides,  and  are 
formed  by  the  acdon  of  the  acid  upon  metallic  hydroxides^ 

HBF4  +  KHO  =  HtO  +  KBF4. 

In  many  instances,  their  aqueous  solutions  redden  litmus ;  this  is  the  case 
with  ammoohim  boffofluoride,  NH4BF4,  and  caldum  borofluoride,  Ca(BF4)s. 

Boron  Trlehlorlde,  BCls,  is  produced  when  boron  is  heated  in 
a  stream  of  dry  chlorine. 

It  is  most  readily  prepared  by  passing  dry  chlorine  over  an 
intimate  mixture  of  boron  trioxide  and  charcoal,  heated  to  redness 
in  a  porcelain  tube.  The  volatile  product  is  condensed  in  a  tube 
immersed  in  a  freezing  mixture — 

B,0,  +  acig  +  3C  =  3C0  +  2BClj. 

*  It  is  considered  very  doubtful  whether  this  substance  can  be  regarded 
as  a  delinite  compound. 
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Properties. — Boron  trichloiide  is  a  mobile^  colouileM  liquid, 
boiling  at  18.23*.  It  fumes  in  moist  air,  being  decomposed  in 
contact  with  water,  with  fonnation  of  boric  and  hydrochloric 
acids^ 

BCl,  +  SH,0  -  B(HO)|  +  SHCL 

Boron  trichloride  unites  directly  with  dry  gaseous  ammonia, 
with  evolution  of  oonndemble  heat,  forming  a  white  crystalline 
compound,  having  the  composition  8BC]g,8NH^ 

■ 

Bona  VyMdt,  BHi.— Thb  eompomid  hss  nsfor  been  obcdbed  in  a  stale 
of  purity.  Wben  megneriimi  boride  (an  impure  wihrtanffff  obtained  by  foiqg 
boron  trioadde  and  magnftJuin  in  a  cofcred  cnidble)  b  acted  open  by 
bydrodiloiic  add,  a  fM  is  evolved  wUcfa  has  a  dMiacteriitic  and  nnpfaaisnf 
imeU,  and  whidi  produces  beadadie  and  siclnie»  when  inhaled.  The  gM 
is  laigely  hydrogen,  containing,  however,  a  certain  qnanlity  of  boron  Iqrdride, 
which  imparts  to  the  flame  a  green  cdoar,  and  produces  boron  trioxide. 
When  passed  through  a  heated  tube,  boron  is  deposited  as  a  brown  film. 
When  burnt  with  a  limited  supply  of  air,  or  when  a  cold  porcelain  dish  is 
depressed  into  the  flame  of  the  burning  gas,  a  brown  stain  of  boron  is 
deposited. 

Bonm  Nitride,  BN,  is  formed  when  boron  is  strongly  heated  in  nitrogen 
or  in  ammonia.  It  is  best  obtained  by  heating,  in  a  covered  platinum 
crucible,  a  mixture  of  one  part  of  dehydrated  borax,  and  two  parts  of 
ammonium  chloride— 

NasB407  +  2NH4a  =:  2BN  +  B^  +  2Naa  +  4H^. 

Boron  nitride  is  a  white  amorphous  powder.  It  is  insoluble  in  water,  but 
is  slowly  acted  upon  by  boiling  caustic  alkalies,  with  evolution  of  ammonia — 

BN  +  3KHO  =  K,BO,  +  NH,. 

Heated  in  a  current  of  steam  it  forms  boron  trioxide  and  ammonia — 

2BN  +  3HaO  =  BjOg  +  2NH,. 

Boron  8nl|dlids.  B^Sj  is  prepared  by  heating  a  mixture  of  boron  trioxide 
and  carbon  (made  by  mixing  boron  trioxide  and  soot  with  oil,  and  heating 
the  pellets  out  of  contact  with  air)  to  bright  redness  in  a  stream  of  vapour 
of  carbon  disulphide — 

2BA  +  8C  +  3CS,  =  6CO  +  2B,S,. 

Boron  sulphide  is  a  yellowish  solid,  consisting  of  small  crystals.  It  has 
a  strong  impleasant  snieU,  and  its  vapour  attacks  the  eyes.  It  is  immediately 
decomposed  by  water,  being  converted  into  boric  add  and  sulphuretted 
hydrogen — 

BjS,  +  6H,0  =  2B(H0),  +  3HjS. 
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ALUMlNinM. 

Sjinbol,  AL    Atomic  weight  =  37.04. 

Oeeurranee. — ^Aluminium  is  one  of  the  most  abundant  of  all 
the  dements,  although  it  has  never  been  found  in  the  uncombined 
state.  In  combination  with  oxygen  as  AlgO,,  it  constitutes  such 
minerals  as  corundum^  f^'udy^  sapphire.  As  the  hydrated  oxide, 
AlsQipHfO,  it  occurs  associated  with  iron  oxide  in  the  mineral 
hmumtn^  which  constitutes  the  chief  source  itoxa  which  the  metal 
itadf  is  obtained.  As  a  double  fluoride  of  aluminium  and  sodium, 
AlJF^BNaFy  it  occurs  in  the  mineral  cryolite^  and  as  a  hydrated 
phosphate  in  the  various  fonns  of  turquoise.  Aluminium  is  met 
with  in  enormous  quantities  in  the  form  of  silicate,  constituting 
the  vaxious  dt^s;  and  as  compound  silicates  in  ih^  felspars^  and 
odier  common  minerals  constituting  a  large  proportion  of  the 
solid  crust  of  the  earth. 

Mote  of  FOFmatlOlL — Aluminium  is  prepared  on  a  large  scale 
from  the  mineral  bauxite,  the  process  being  conducted  in  four 
stages :— (i*)  and  (2.)  The  preparation  of  pure  aluminium  oxide, 
free  from  iron.  (3.)  The  preparation  of  a  double  chloride  of 
aluminium  and  sodium.  (4.)  The  reduction  of  the  double  chloride 
by  means  of  sodium. 

(i.)  The  powdered  bauxite  (usually  containing  about  50  per 
cent  of  alumina)  is  mixed  with  sodium  carbonate  and  heated  for 
^ive  or  six  hours  in  a  reverberatory  furnace,  when  carbon  dioxide 
is  evolved  and  sodium  aluminate  is  formed — 

AljOj  +  3Na,CO,  =  Al,03,3Na20  +  3C0,. 

(2.)  The  sodium  aluminate  is  extracted  with  water,  leaving  the 
iron  in  the  form  of  insoluble  oxide.  Through  the  filtered  liquid  a 
stream  of  carbon  dioxide  is  then  passed,  which  decomposes  the 
sodium  aluminate^  regenerating  sodium  carbonate,  and  precipitat- 
ing hyorated  aluminium  oxide — 

AlflO^aNasO  +  3H,0  +  300,  =  SNajCOj  +  A1,08,3H,0. 

(3.)  The  purified  alumina,  after  being  washed  and  dried,  is  mixed 
with  sodium  chloride  and  powdered  wood  charcoal,  and  sufficient 
water  added  to  enable  the  mixture  to  be  worked  up  into  balls. 
These  are  dried  at  150^  and  then  packed  into  a  vertical  fireclay 
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cylinder,  where  they  are  heated  to  bright  redness  in  a  stream  of 
chlorine^  when  the  following  reaction  takes  place — 

A],0,  -f  3C  +  3C1,  -  SCO  +  AI^CV 

The  aluminium  chloride  combines  with  the  sodium  chloride  present 
in  the  mixturei  fonning  the  double  chloride^  AlfCl^SNaCl,  which 
volatilises  from  the  retort,  and  is  condensed  in  an  earthenware 
receiver  as  a  neariy  white  crystalline  salt,  which  is  almost  entirely 
free  from  iron. 

(4.)  In  Older  to  reduce  the  double  chloride,  three  charges  (eadi 
consisting  of  a  mixture  of  25  Idlos  of  the  salt,  1 1  kilos  of  powdered 
cryolite  (as  a  flux),  and  12  kilos  of  metallic  sodium  in  small  pieces) 
are  thrown  into  a  strongly  heated  reverberatory  frimace,  and  are 
immediately  followed  by  a  fourth  charge,  containing  the  same 
quantity  of  the  double  chloride  and  of  cryolite,  but  without  sodium. 
A  violent  reaction  at  first  takes  place,  and  after  a  short  time  the 
entire  mass  is  in  a  state  of  fusion,  the  metal  separating  out  beneath 
the  slag — 

Al,Clo,2NaCl  +  6Na  =  2AH-  8NaCl. 

Properties. — Aluminium  is  a  tin- white  metal,  possessing  great 
tensile  strength.  It  is  very  ductile  and  malleable,  but  requires 
frequent  annealing  during  the  process  of  drawing  or  hanmiering. 
Its  specific  gravity  is  2.58 ;  by  hammering  and  rolling  it  may  be 
raised  to  2.68.  Its  power  of  conducting  heat  and  electricity  is 
about  one-third  that  of  silver.  Aluminium  is  an  extremely  sonor- 
ous metal,  and  when  struck  it  emits  a  clear  and  sustained  note. 
It  is  not  tarnished  by  air  under  ordinary  circumstances,  but  when 
strongly  heated  it  becomes  oxidised  ;  and  in  the  condition  of  thin 
foil  it  readily  bums  in  oxygen,  fonning  alumina,  Al^Og.  The  metal 
melts  at  a  temperature  about  700^  Aluminium  is  scarcely  acted 
upon  by  nitric  acid  of  any  strength,  but  readily  dissolves  in  hydro- 
chloric acid,  and  in  solutions  of  sodium  or  potassium  hydroxide 
with  elimination  of  hydrogen.  When  heated  with  strong  sul{^uric 
acid,  aluminium  sulphate  is  formed,  and  sulphur  dioxide  is  evolved — 

2A1  +  6H2SO4  =  Alj(S04)3  +  6HjO  +  aSOj. 

Organic  acids  are  almost  without  action  upon  aluminium,  but  in 
the  presence  of  sodium  chloride  they  are  capable  of  dissolving  it  to 
a  slight  extent.    Pure  aluminium  is  scarcely  acted  upon  by  water  or 
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steam,  but  the  presence  of  impurities  such  as  usually  occur  in  the 
commercial  metal,  renders  it  much  more  readily  oxidised. 

Aluminimn  is  a  highly  dectro-positive  element,  and  is  capable 
of  reducing  a  number  of  other  metals  from  their  combinations  with 
oxygen  or  sulphur.  Thus,  when  finely  divided  aluminium  is  heated 
with  the  oxides  of  such  metals  as  manganese,  chromium,  tungsten, 
uranium,  along  with  lime  to  form  a  slag,  an  energetic  action  takes 
place,  in  which  the  aluminium  combines  with  the  oxygen,  and  the 
metals  are  thrown  out  of  combination,  and  are  obtained  as  a 
coherent  mass.  Similarly,  iron  pyrites  is  reduced  to  the  condition 
of  metallic  iron,  with  the  formation  of  aluminium  sulphide. 

AHoys  of  AlPmlnlnm. — The  most  important  of  these  is  an 
aUoy  with  copper,  containing  10  per  cent,  of  aluminium,  and 
known  as  alufmmum  bronse.  This  alloy  has  a  yellow  colour, 
resembling  that  of  gold ;  it  is  scarcely  tarnished  by  exposure  to 
air,  and  is  susceptible  of  a  high  polish.  Its  specific  gravity  is  7.69, 
and  it  possesses  a  tenacity  equal  to  that  of  steel,  and  more  than 
twice  that  of  the  best  gun-metal.  The  alloy  is  malleable,  and 
yields  good  castings,  and  on  account  of  its  many  valuable  pro- 
perties it  is  employed  for  a  variety  of  purposes. 

Alnintntnm  Oxide  {alumina\  AI2O3,  occurs  native  in  a  colour- 
less crystalline  condition  as  corundum^  and  coloured  by  traces  of 
various  metallic  oxides  in  such  precious  stones  as  ruby,  sapphire^ 
and  amitkyst  In  a  less  pure  condition,  it  occurs  in  large  quantities 
as  emery.  These  naturally  occurring  crystalline  forms  of  alumina 
are  extremely  hard,  ranking  second  only  to  diamond.  Alumina  is 
obtained  in  an  amorphous  condition,  by  igniting  either  the  pre- 
cipitated hydroxide,  or  ammonia  alum,  thus — 

Al,(HO)e,  ='  3HjO  +  AljO,. 
AIj(S04)»(NH4),S04  =  2NH,  +  HjO  +  4SOs  +  AljO.,. 

It  is  also  obtained  by  the  action  of  carbon  dioxide  upon  sodium 
alominate  (p.  569}.  In  the  crystalline  form  it  is  obtained  by 
strongly  heating  a  mixture  of  aluminium  fluoride  and  boron  tri- 

oxide— 

AljFfl  +  BjO,  =  AljOs  +  ^BFj. 

The  boron  trifluoride  volatilises,  leaving  alumina  in  the  form  of 
rhombohedral  crystals.  Artificial  rubies  have  been  obtained  by 
heating  barium  fluoride  with  alumina,  and  adding  a  trace  of 
potassium  dichromate. 
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Amoiphous  alumina  is  a  soft  white  powder,  insoluble  in  water, 
but  dissolved  by  adds  with  the  formation  of  aluminium  salts ;  after 
being  strongly  heated,  however,  alumina  is  attacked  only  with 
slowness  by  hydrochloric  or  sulphuric  add. 

Aluminium  VydrozideB.  — Thxee  hydroxides,  or  hydrated 
oxides,  are  known.  Thus,  when  ammonia  is  added  to  a  solution 
of  an  aluminium  salt,  a  white  gelatinous  predpitate  is  obtained, 
which  when  dried  at  loo^  consists  of  the  trihydrate^  AlsO|,3H|0, 
or  AIs(HOV  If  this  be  heated  to  300*  it  loses  2H,0,  and  b  con- 
verted into  the  mono-hydrate^  Al|Oa,HtO,  or  A1,0^H0)|.  By  the 
addition  of  ammonia  to  a  boiling  solution  of  an  aluminium  salti 
and  drying  the  predpitate  at  100*,  the  dihydrate  is  obtained, 
A1|0»SHA  or  A1,0(H0V 

These  compounds  are  soluble  in  adds,  and  aU  yield  the  same 
aluminium  salts. 

Aluminium  hydroxide  unites  with  many  soluble  organic  colour- 
ing-matters, and  precipitates  them  from  solution  as  lakes.  Upon 
this  property  depends  the  use  of  aluminium  salts  as  mordants  in 
dyeing  and  calico  printing  :  the  colouring-matter  being  held  in  the 
fibres  of  the  material  by  the  aluminium  hydroxide,  which  is  pre- 
viously precipitated  upon  the  fabric 

Aluminates. — Alumina  is  capable  of  acting  as  a  feeble  acidic 
oxide  :  thus,  the  hydroxides  are  dissolved  by  sodium  or  potassium 
hydroxide,  yielding  salts  known  as  aluminates.  Certain  alumi- 
nates occur  native,  such  as  spinelle  (magnesium  aluminate), 
AIjOsjMgO,  and  chrysoberyl  (beryllium  aluminate),  AljOs^BeO. 
Sodium  aluminate  is  now  manufactured  on  a  large  scale,  for  the 
preparation  of  the  metal  (p.  569)  and  also  of  aluminium  salts. 

It  is  readily  decomposed  even  by  carbonic  acid  (p.  569),  and  by 
aluminium  chloride — 

Al,03,3Na,0  +  AljCl«  =  6NaCl  +  2A180,. 

On  the  manufacturing  scale  powdered  cryolite  is  employed  to 
effect  this  decomposition,  the  aluminium  hydroxide  being  pre- 
cipitated, and  the  sodium  fluoride  going  into  solution — 

AljOsjSNaaO  +  K\<^^^    aF  =  12NaF  +  2AIJO3. 

Aluminium  Sulphate,  Al2(S04)3,18H20,  is  found  native  as  the 
minerals  hair  salt  and  aluminite^  the  latter  being  a  basic  salt 
having  the  composition  Alj03S03,9HjO.     The  normal  sulphate 
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B  obtained  bf  dinolTing  the  faydmted  oxide  in  sulphuric  add. 
Laige  quantities  of  commercial  aluminium  sulphate  are  made,  by 
directly  dissolving  baoxite  in  sulphuric  acid.  The  product,  how- 
ever, contains  iron,  irtiich  is  detrimental  to  the  technical  uses  to 
whicb  the  sulphate  is  applied,  and  from  which  therefore  it  must 
be  csuefiilly  purified.  Pure  aluminium  sulphate  is  prepared  from 
either  bauxite,  or  cryolite  by  first  forming  sodium  aluminate  :  in 
the  fonner  case  by  beating  the  mineral  with  sodium  carbonate 
(p.  569),  and  in  the  case  of  cryolite  by  boiling  with  milk  of  lime — 

AljF.eNaF  +  6Ca(HO),  =  6CaF,  +  6H,0  +  Al,0j,3Na,0. 

The  sodium  ahminate,  free  firom  iron,  is  then  decomposed  by 
carbon  dioxide,  as  already  described,  and  the  precipitated  hydraied 
oxide  dissolved  in  sulphuric  acid.  On  concentration,  the  mass 
solidifies  to  a  white,  difficultly  crystallisable  solid. 


Hie  Alnnu.— Aluminium  sulphate  unites  with  certain  other 
sulphates,  forming  double  salts,  which  belon);  to  a  class  of  com- 
pounds known  as  the  alums.  The  most  important  of  these 
compounds  is  the  double  sulphate  of  aluminium  and  potassium, 
A1^504)^,K,S04,S4H,0,  known  as  p>-lassium  alum,  or  simply 

The  alums  have  the  general  formula  K/SO,)„M^ 04,24 H,0, 
in  which  R  may  be  either  aluminium,  iron,  chromium,  manganese 
(indium  or  gallium),  and  M  a  monovalent  element  or  group,  such 
as  sodium,  potassium,  f>r  ammonium. 
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These  compounds  are  all  isomorphouSy  crystallising  in  the 
regular  system  (usually  in  cubes  or  octahedra)  with  twenty-four 
molecules  of  water.  Fig.  140  represents  a  crystal  of  potassium 
alum  (A)  and  potassium  chromium  alum  (B),  In  naming  the 
alums*  it  is  usual,'  when  the  salt  contains  a/umimum^  only  to 
introduce  the  name  of  the  monovalent  element  or  group :  Uiu^ 
ammomuM  alnm^  %a  potassium  ahtmy  signifies  the  double  sulphate 
of  ammonium,  or  potassium,  and  aluminium.  I^  on  the  other  hand, 
the  compound  contains  no  aluminium,  the  names  of  both  metals 
are  used,  iiaa.%  potcLssium  ckromium  alum^  am$momtim  iron  alum. 

A  second  daas  of  double  wlphatfti  li  known,  which  leiemble  the  ahims, 
although  they  are  not  isomoiphoas  with  them.  These  are  termed  fsmdo- 
aluwu.  They  may  be  r^iarded  as  ahmis,  in  which  the  two  aUHns  of  the 
monovalent  element  are  replaced  by  one  atom  of  a  diralent  element,  thus— 

Manganese  aluminium,  pseudo-alum  Al3(S04)sMnS04,24H20. 

Iron  aluminium,  pseudo-alum  Als(S04))FeS04,24H/>. 

Copper  iron,  pseudo-alum      ....  Fe,(S04)3CaS04.34H,0. 

Zinc  iron,  pseudo-ahmi ...  .  Fe^S04),ZnS04,MH/). 

Magnesium  manganese,  pseudo-alum    .  Mn^S04)jMgS04,S4H.jO. 

The  alums  are  all  soluble  in  water,  and  their  solutions  have  an 
acid  reaction  and  possess  an  astringent  taste.  When  heated, 
they  gradually  part  with  water,  and  at  higher  teroperatnres  are 
broken  up  into  oxides  and  alkaline  sulphates ;  in  the  case  of 
ammonium  alums,  leaving  only  the  metallic  oxide. 

Potassium  Alum,  Al3(S04)s,K,S04,S4H,0,  is  prepared  by 
the  addition  of  the  requisite  quantity  of  potassium  sulphate  to 
aluminium  sulphate.  A  considerable  quantity  of  alum  is  also 
obtained  from  a  naturally  occurring  basic  potassiiun  alum,  known 
as  alum  stone,  or  alunite^  which  has  the  composition  Al2(S04)3, 
K2S04,2Al203,8HjO.  At  Tolfa  this  is  first  calcined,  and  after- 
wards lixiviated  with  water,  which  dissolves  the  potassium  alum, 
leaving  alumina  undissolved  The  alum  so  obtained  is  known  as 
Roman  alum;  and  although  it  has  a  reddish  colour,  due  to  the 

*  Selenic  acid  (the  selenium  analogue  of  sulphuric  acid)  forms  a  similarly 
constituted  series  of  double  selenates,  crystallising  in  the  same  form,  and 
with  the  same  number  of  molecules  of  wato-.  The  system  of  nomenclature 
adopted  for  these  compounds  is  the  same :  thus,  ammonium  seUnio-alum 
signifies  the  double  selcnate  of  ammonium  and  aluminium,  while  potassium 
chromium  st/enio-afum  rrpresents  the  double  selenatc  of  potassium  and 
chromium. 
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presence  of  iron,  this  iron  is  present  only  as  the  insoluble  oxide, 
wfaicb  is  readily  removed,  and  the  salt  is  in  reality  extremely 


Aliinite  is  also  converted  into  alum,  by  treating  the  calcined 
■inetal  with  sulfAuric  add,  and  adding  the  requisite  quantity  of 
potassium  sulphate.  A  large  quantity  of  alum  is  manufactured 
from  o/jvM  shaie^  which  is  a  bituminous  mineral,  consisting  chiefly 
of  almninium  silicate,  with  finely-divided  iron  pyrites  dissemi- 
nated throughout  the  mass.  The  shale  is  usually  first  roasted, 
and  is  then  exposed  to  the  action  of  air  and  moisture,  whereby 
the  osddation  of  the  pyrites  is  completed.  The  result  of  this 
oxidation  is  the  formation  of  sulphuric  acid,  which,  acting  upon 
the  alomininm  silicate,  forms  aluminium  sulphate,  while  the  iron 
is  converted  into  ferrous  and  ferric  sulphates,  and  ferric  oxide.  The 
oxidised  mass  is  then  lixiviated  with  water,  and,  after  concentra- 
tion, the  requisite  quantity  of  potassium  chloride  or  sulphate  is 
added  to  the  hot  liquor.  (The  use  of  potassium  chloride  is  pre- 
ferable, as  by  double  decomposition  the  ferrous  and  ferric  sulphates 
are  converted  into  the  very  soluble  chlorides,  and  an  equivalent 
amount  of  potassium  sulphate  is  formed.)  The  liquor  is  stirred 
mechanically  during  its  cooling,  whereby  the  alum  is  deposited  in 
small  crystals  known  as  alum  meal^  which  permit  of  its  more 
ready  purification  by  recrystallisation. 

Alum  crystallises  in  fine  colourless  regular  octahedra,  which,  on 
exposure  to  the  air,  become  coated  with  a  white  efHorescene,  due 
not  to  loss  of  water,  but  to  absorption  of  atmospheric  ammonia,  and 
the  fofination  of  a  basic  salt. 

The  solubility  of  alum  in  water  increases  rapidly  with  rise  of 
temperature.  Thus,  lOo  parts  of  water  at  o"*  dissolve  3.9  parts  of 
alom ;  at  50*,  44.1  parts;  and  at  100°,  357.5  parts.  Alum  is  in- 
soluble in  alcohol 

When  heated  to  42°,  alum  loses  11  molecules  of  water;  and 
when  heated  to  61°  in  a  closed  vessel  over  sulphuric  acid,  it  parts 
with  18  molecules. 

On  the  application  of  heat,  alum  first  melts  in  its  own  water  of 
crystallisation,  which  is  gradually  expelled,  until  at  a  dull  red  heat 
the  salt  is  converted  into  a  white  porous  mass,  known  as  bufnf 
a/um.  At  a  still  higher  temperature  it  is  broken  up  into  potassium 
sulphate^  alumina,  and  sulphur  trioxide.  Burnt  alum  is  only  very 
slowly  dissolved  by  water.  The  chief  use  of  alum  is  as  a  mordant 
in  dyeing,  alum  being  a  salt  which  is  much  more  easily  obtained 
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in  a  state  of  parity  than  alnminiam  sulphate.  By  the  addition  of 
sodinm  hydroxide  or  caibonate  to  a  solution  of  alum,  until  the  pre- 
cipitate first  thrown  down  is  just  redissolved,  two-thirds  of  the 
sulphuric  add,  in  combination  with  the  aluminium,  becomes  con- 
verted into  sodinm  sulphate ;  and  the  solution,  v^ch  is  no  longer 
add,  contains  a  basic  alum,  known  as  muiral  iUam — 

A1^S04)|,K,S04  +  6NaH0  -  A],SO|pKtSO«  +  dNatSOf  +  3H,0. 

Hiis  solution  gives  up  its  alumina  to  the  fitbric  with  great  ease, 
and  on  this  account  b  used  by  dyers  and  calico  printers  as  a 
mordant 

AiiwtHwffHw  nnorlds,  AlfPf.— This  compound  may  be  prepsred  by  passmg 
gueous  hydrochloric  add  over  a  mixture  of  fluorspar  and  aliimiiia  hckted  to 
wfaitcDeas  in  a  graphite  tube,  when  ahmiinium  fluoride  volatiHies,  leaving 
caldom  chloride — 

SCaFj  +  AljO,  +  GHCi  =  SHjO  +  SCaClg  +  A1,F^ 

In  the  form  of  a  crystalline  hydrate  it  may  be  obtained  by  dissolving  alumina 
in  aqueous  hydrofluoric  acid — 

AljO,  +  6HF  +  H,0  =  AljFeJHjO. 

Aluminium  fluoride  forms  colourless  rhombohedral  crystals,  which  are  in- 
soluble in  water.  It  combines  with  alkali  fluorides,  forming  insoluble  double 
fluorides,  of  which  the  sodium  compoimd  is  the  most  important,  Al9Ff,6NaF. 
This  compound  occurs  native  as  the  mineral  cryolite. 

Aluminium  Chloride,  Al^Cl^ — This  compound  is  produced 
when  powdered  aluminium  is  strongly  heated  in  chlorine,  or  with 
certain  metallic  chlorides,  such  as  zinc  chloride.  It  is  best  obtained 
by  passing  chlorine  over  a  strongly-heated  mixture  of  alumina 
and  charcoal. 

An  aqueous  solution  of  aluminium  chloride  may  be  obtained  by 
dissolving  alumina  in  hydrochloric  acid.  On  evaporation,  the 
solution  deposits  crystals  of  a  hydrate,  AlsC1^12H20. 

Aluminium  chloride  forms  white  hexagonal  crystals,  which  fiune 
strongly  in  moist  air.  When  gently  heated  it  vaporises,  and  sub- 
limes without  fusion.  When  heated  under  pressure  of  its  own 
vapour,  the  compound  melts.  It  dissolves  in  water  with  the 
evolution  of  heat,  and  the  solution,  on  evaporation,  deposits  the 
hydrated  chloride,  which,  on  being  heated,  breaks  up  into  hydro- 
chloric acid,  water,  and  alumina — 

A1,C1«,12H,0  =  6HC1  +  OHjO  +  AljO,. 
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Ahmuaiimi  chloride  mutes  with  other  metallic  chlorides,  forming 
doable  saltSy  of  which  the  sodium  compound  A]2Cl0,2NaCl  (page 
S7o)  b  the  most  important.  It  also  combines  with  ammonia, 
iDnning  the  compounds  A],Cle,6NH,  and  Al,CIo»2NH3. 

Alnwitnlnwi  Solphide*  AI2S3. — When  finely  divided  aluminium 
is  heated  with  iron  pyrites,  an  energetic  reaction  takes  place ; 
metallic  iron  being  reduced,  and  aluminium  sulphide  being  formed. 
The  same  compound  is  produced  when  sulphur  is  thrown  upon 
strongly  heated  aluminium.  As  obtained  by  these  methods, 
aluminium  sulphide  is  a  greyish  black  solid,  which,  when  thrown 
into  water,  is  converted  into  the  oxide  with  evolution  of  sul- 
phuretted hydrogen — 

AljS,  +  3H,0  -  AljOs  +  SHjS. 

The  compound  is  decomposed  in  the  same  manner  by  atmos- 
pheric moisture,  when  exposed  to  the  air. 


THALUUIC. 
Formnla,  TL    Molecular  weight  =  203.7. 

History. — ^Thallium  was  discovered  by  Crookes  (1861)  in  the 
tdeniiennis  deposit  from  a  sulphuric  acid  manufactory.  In  the 
spectroscopic  examination  of  certain  residues  obtained  in  the  ex- 
tnction  of  selenium  from  this  deposit,  the  presence  of  an  unknown 
dement  was  nuwifested,  by  the  appearance  of  one  bright  green 
fine.  From  its  characteristic  spectrum,  the  name  thallium  (signi- 
fying a  green  twig)  was  given  to  the  element 

Ooeimenee. — Thallium  is  found  in  small  quantities  in  many 
varieties  of  iron  pyrites,  and  when  these  are  employed  in  the 
mannfiictnre  of  sulphuric  acid,  oxide  of  thallium  collects  in  the 
fine  dust  of  the  pyrites  burners.  Thallium  also  occurs  associated 
with  copper,  selenium,  and  silver,  in  the  rare  mineral  crookesite. 

Mode  of  FonnatiOIL — ^The  metal  is  obtained  by  reducing  the 
sulphate,  by  inunersing  strips  of  zinc  into  the  solution.  The  thal- 
linm  is  deposited  upon  the  zinc,  as  a  spongy  or  crystalline  mass, 
which  is  then  pressed  together,  and  fused  beneath  potassium 
qranide  in  a  crucible. 

PropertlOS. — Thallium  is  a  soft  heavy  metal,  resembling  lead. 
It  is  readily  cut  with  a  knife,  and  leaves  a  streak  when  drawn 
across  paper.    When  preserved  out  of  contact  with  air,  it  is  a  tin- 

2  o 
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lAite  Inatnoi  mcttl;  but  od  e^xMore  to  the  ur,  it  tsnuihes 
upon  it<  surbce,  with  the  fonnfttion  of  black  tbolloui  tncide.  Its 
■pecific  gravity  is  1 1.8,  and  it  meltt  at  zeff. 

When  expMcd  to  air  and  mcristure,  or  when  placed  in  water 
wbidi  i>  free  to  abaori)  atmoijdieric  oxygen,  the  metal  is  slowly 
converted  into  thaUotis  hydncdde,  which  is  sidable  b  water,  and 
imparts  to  the  Hquid  a  ttioBg  alkaline  reaction.  The  aohitioo 
aboorbs  carbon  diond^  with  tte  fonnation  of  thallons  carbonate; 
When  heated  in  the  air  thaHiimi  mdts^  and  rapidly  oxidisu  to 
dialUmn  ttioxide,  T1|0,;  heated  in  otygen  it  bioiia,  Ibnning  dw 
same  oiide.  It  readily  bums  when  heated  in  chltnittev  prodndng 
thaUoni  chloride,  TICL    Tbe  metal  is  KduUe  in  dihite  adds. 

OzUm  of  ThaUlam.— Two  oxidea  are  known,  namely,  thaQoos 
Dxidc^  11)0,  and  thallic  oxide,  'IV>r 

Thallons  Oxide,  TI,0,  fonna  as  a  dark  grey  film  upon  the 
surface  of  the  mel&l,  on  exposure  to  the  air.  It  may  also  be 
obtained  by  heating  the  hydroxide  to  100*.  It  dissolves  in  water, 
fonning  the  hydroxide. 

Thallous  Hydroxide  is  obtained  by  the  addition  of  barium 
hydroxide  to  a  solution  of  thalloiis  sulphate,  the  precipitated  barium 
sulphate  being  removed  by  fillratian — 

TltSO,  +  Ba(HO),  -  BaSO,  +  2T1H0. 

The  solution,  on  concentiation,  deposits  yellow  needle-shaped 
crystals  of  TlHO,H,0.  Thallous  hydroxide  is  soluble  in  water, 
yielding  an  alkaline  solution,  which  gives  a  brown  stain  upon 
turmeric  paper.  This  stain  soon  disappears,  owing  to  the  de- 
struction of  the  colouring -matter,  and  is  thereby  distinguished 
from  the  similar  stains  produced  by  sodium  and  potassium 
hydroxides. 

Thallle  Oxide,  Tl,0„  is  obtained  when  thallium  bums  in  the 
air,  or  when  thallium  oxyhydroxide,  T10{H0),  is  heated  to  100'. 
It  forms  a  dark  reddish  powder,  insoluble  in  water.  In  warm 
dilute  sulphuric  acid  it  dissolves,  fonning  thallic  sulphate — 

TljO,  +  3H,SO«  =  TWSO»),  +  3H,0, 

but  with  hot  concentrated  add  oxygen  is  evolved,  and  thallous 
sulphate  formed— 

Tl,0,  -^  H,S04  -  TliSO,  +  0,-1-  H,0. 
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At  a  red  heat  tballic  oxide  is  converted  into  thallous  oxide  with 
loss  of  oxygen. 

Thallium  Ozybydroxide,  T10(H0},  is  formed  by  the  action  of 
potaisiiim  hydroxide  upon  thallium  trichloride — 

TICI,  +  3KHO  -  3KC1  +  H,0  +  TIO(HO). 

nudlOVS  Chlorides  TlCl,  is  obtained  as  a  white  curdy  precipi- 
tate, when  hydrochloric  acid  is  added  to  a  solution  of  a  thallous 
sidt  It  is  considerably  more  soluble  in  hot  than  in  cold  water  : 
loo  parts  of  water  at  i6*  dissolve  a265  parts  ;  and  at  loo*,  1.427 
parts  of  thallous  chloride. 

Thallie  ChloridOv  TlCi^  is  formed  by  passing  chlorine  through 
water,  in  which  thallous  chloride  is  suspended.  The  solution  so 
obtained,  on  evaporation  in  vacuo,  deposits  colourless  transparent 
crystals  of  T1C1»2H,0. 

When  either  thallium  or  thallous  chloride  is  gently  heated  in  a 
stream  of  chlorine,  a  compound  is  obtained,  having  the  composi- 
tion TlClipTlCl,  or  TliCl^.  If  this  be  further  heated,  it  loses 
chlorine,  and  is  converted  into  a  yellow  crystalline  compound  of 
the  composition  TlClaiSTlCl,  or  Tl^Cl^  thus— 

«Tl,Cl4  -  CI,  +  Tl^Cl^. 

TlmllOIIS  Oxysalts.— The  snlfhate  TI3SO4,  and  nitrate  TINO,, 
are  best  obtained  by  dissolving  the  metal  in  the  respective  acids. 
Both  salts  are  soluble  in  water. 

TlmllOllS  Carbonate,  TljCO^  is  prepared  by  saturating  a  solu- 
tion of  thallous  hydroxide  with  carbon  dioxide.  The  salt  forms 
long*  white  prismatic  (monosymmetric)  crystals,  which  are  mode- 
rately soluble  in  water,  giving  an  alkaline  solution. 

ThaUons  Phosphate,  TljPOi,  is  obtained  by  precipitation  from 
a  thallous  solution,  by  the  corresponding  potassium  phosphate. 
The  monohydrogen  phosphate,  HTljPO^,  on  being  heated  to  200*, 
is  converted  into  pyrophosphate — 

2HT1,P04  -  H,0  +  Tl^PjOy. 

and  the  dihydrogen  salt,  on  being  ignited,  yields  the  metaphos- 
phate — 

HjTlPO^  -  H,0  +  TlPOr 

Thallto  Oxysalts.— The  chief  of   these  are  thallic  sulphate, 
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Tls(S04), ;  and  thallic  nitrate,  Tl(NO,},.  They  are  obtained  by  the 
action  of  sulphuric  acid  and  nitric  add  respectively  upon  thallic 
oxide,  T1|0^  Thallic  sulphate  forms  colourless  crystals  of  the 
composition  Tl^S04)s,7H|0.  It  is  decomposed  by  excess  of  water, 
with  precipitation  of  the  hydrated  oxide  ;  and  when  heated,  yields 
thallous  sulphate,  sulphur  trionde,  and  oxygen — 

T1,(S04),  -  T1,S04  +  2SO,  +  O,. 

ThaUicnitrate  isdeposited  in  colourless  crystals  of  T1(N  03)3,811209 
which  are  decomposed  in  the  presence  of  much  water. 


CHAPTER  IX 


THE  ELEMENTS  OF  GROUP  IV 
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Family  a 
Carbon,  C  .  11*97 

Silicon,  Si  .        .        .      38.3 
Germanium^  Ge.        •73 
Tin,  Sn       .        .        .     117.35 
Lead,  Pb    .  306.39 


Family  A  consists  of  four  rare  elements.*  Titanium,  as  the 
oxide  HO],  occurs  in  the  three  rare  minerals — rutile,  brookite,  and 
ofuUase,  The  metal  is  extremely  difficult  to  isolate  in  a  pure 
state,  owing  to  the  fact  that  it  unites  directly  with  nitrogen,  form- 
ing a  nitride. 

Zirconium  is  met  with  as  the  silicate  ZrSi04  (or  ZrOj^SiOj)  in 
the  mineral  Mtrcon,  Like  silicon,  it  has  been  obtained  in  two 
forms,  crystalline  and  amorphous.  The  latter  variety,  when  gently 
heated,  bums  in  the  ^r,  while  the  crystalline  variety  requires  the 
high  temperature  of  the  oxyhydrogen  flame  for  its  ignition. 

Cerium  occurs  associated  with  lanthanum,  in  the  rare  minerals 
ceriU  and  ortkite^  and  with  yttrium  and  ytterbium  in  f^adoliniie  and 
wdklerUe, 

Thorium  is  found  in  the  extremely  rare  minerals,  thorite  and 
orangeite^  met  with  in  Norway. 

Family  B, — In  this  family  the  rare  element  germanium  forms 
a  link  between  carbon  and  silicon  on  the  one  hand,  and  tin  and 
lead  on  the  other. 

Carbon  (the  typical  element)  is  essentially  non-metallic,  and 
forms  an  acidic  oxide.  Silicon  approaches  more  nearly  to  the 
metals  in  its  physical  properties,  but  its  oxide  is  still  acidic,  and 
no  compoimds  are  known  in  which  silicon  functions  as  a  basic 
element    Germanium  is  both  metallic  and  non-metallic  ;  its  oxide 

*  For  deicriptions  of  these  rare  elements,  the  student  is  referred  to  larger 
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unites  with  acids ;  and  it  also  combines  with  alkaline  hydnnddes, 
ibnning  germanates  corresponding  to  silicates.  Tin  is  a  still  more 
basic  element,  forming  weU-mazked  salts  with  adds ;  but  it  is  also 
acidic,  and  with  alkalies  forms  stannates. 

Carbon  and  silicon  exhibit  a  dose  relationship.  They  both 
form  aUotropes,  whidi  correspond  in  many  respects.  They  both 
unite  with  hydrogen,  forming  the  analogous  compounds  CH4  and 
SiH^ ;  and  with  hydrogen  and  dilorine  they  form  the  similarly  con- 
stituted compoundsi  chloroform,  CHClg;  and  silicon  chloroform, 
SiHCl,. 

Tin  and  lead  approach  more  neatly  to  each  other,  especially  in 
their  physical  properties,  than  to  the  other  members  of  the  family. 
They  both  form  compounds,  in  whidi  the  metals  fonction  both 
as  divalent  and  tetravalent  elements.  Although  in  the  case  of 
lead  (as  often  happens  with  the  heaviest  metals  of  a  family),  the 
element  exhibits  much  greater  readiness  to  act  'in  the  lower  state 
of  atomicity.  Until  quite  recently  (1893),  no  compound  was  known 
in  which  an  atom  of  lead  is  united  with  four  monovalent  atoms, 
although  lead  ethide,  Pb(CtH5)4,  had  been  obtained.  Now,  how- 
ever, the  compound  PbCl4  has  been  produced,  corresponding  to 
SnCl4,  which  it  resembles  in  many  respects ;  and  still  more 
recently  (1894},  the  tetrafluoride  has  been  obtained. 

Carbon,  as  usual  with  the  typical  elements,  stands  apart  from 
the  other  members  of  the  family  in  many  of  its  attributes.  Thus, 
its  oxides  are  both  gaseous  :  it  also  forms  a  vast  number  of  com- 
pounds with  hydrogen,  oxygen,  and  nitrogen,  the  study  of  which 
constitutes  the  science  of  organic  chemistry.  This  element  has 
already  been  treated  in  Part  II.  (page  250). 


8IUC0N. 

Symbol,  Si.    Atomic  weight  =  28.3. 

Occurrence. — Silicon  is  not  known  to  occur  in  the  uncombined 
state,  although  in  combination  it  is  the  most  abundant  and  widely 
distributed  of  all  the  elements,  with  the  exception  of  oxygen.  In 
combination  with  oxygen,  as  silicon  dioxide  or  silica^  SiO|,  it 
occurs  as  flint,  sand,  quartM,  rock  crystal,  and  chalcedony s  while 
in  combination  with  oxygen  and  such  metals  as  caldum,  magnesium, 
and  aluminium,  it  occurs  in  day  and  soil,  and  constitutes  a  large 
number  of  the  rocks  which  make  up  the  earth's  crust.    Silicon,  in 
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combiiiatioii  inth  oxygen,  is  also  met  with  in  the  vegetable  kingdom, 
being  absorbed  by  plants  from  the  soil 

ModM  of  FonnatiOlL — (i.)  Silicon  may  be  obtained  by  strongly 
heating  a  mixtuie  of  potassium  silico^uoride  and  potassium — 

K,SiF«  +  2K,  »  St  +  6KF. 

The  mass,  after  cooling,  is  treated  with  water,  which  dissolves 
the  potassium  fluoride,  leaving  the  liberated  silicon. 

(2.)  This  element  may  also  be  prepared  by  heating  sodium  in  a 
stream  of  the  vapour  of  silicon  tetrachloride — 

SiCl4  +  2Na,  =  Si  +  4NaCL 

As  obtained  by  either  of  these  methods  the  silicon  is  in  the  form 
of  an  amorphous,  dark  brown  powder. 

(5.)  Silicon  is  obtained  in  a  crystalline  condition,  by  passing  a 
slow  stream  of  the  vapour  of  silicon  tetrachloride  over  aluminium, 
previously  melted  in  a  current  of  hydrogen ;  the  volatile  aluminium 
chloride  passes  on  in  the  stream  of  gas,  and  the  liberated  silicon 
dissolves  in  the  excess  of  aluminium — 

3SiCl4  +  4A1  -  3Si  +  2X\fi\^ 

As  the  mass  cools,  silicon  is  deposited  in  the  form  of  long,  lustrous, 
needle-shaped  crystals. 

(4.)  The  most  convenient  method  for  the  preparation  of  crystal- 
lised silicon,  consists  in  heating  in  a  crucible  a  mixture  of  3  parts 
•of  potassium  silico-fluoride,  i  part  of  sodium,  and  4  parts  of  granu- 
lated nnc  The  regulus  so  obtained  contains  crystallised  silicon. 
.It  is-  gently  heated,  and  the  excess  of  zinc  drained  away,  the 
iremainder  being  removed  by  treatment  with  acids. 

Properties.— Amorphous  Silicon,  as  obtained  by  the  reactions 
INos.  I  and  2,  is  a  dark  brown  amorphous  powder,  having  a  specific 
:gravity  of  2.15.  When  heated  in  the  air  it  bums  with  the  forma- 
ition  of  silicon  dioxide,  which,  being  non-volatile,  coats  the  particles 
«f  the  element,  and  protects  it  from  complete  oxidation.  It  bums 
<when  heated  in  a  stream  of  chlorine,  with  formation  of  silicon 
^tetrachloride.  It  is  insoluble  in  water,  and  in  all  acids  except 
hydrofluoric  add,  in  which  it  dissolves,  with  the  formation  of  silico- 
duoric  acid  and  evolution  of  hydrogen — 

Si  +  6HF  =  HjSiFg  +  2H^ 
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On  boiling  with  poUssiam  hydroxide,  it  forms  potmssiom  alicate 
and  hydrogen — 

Si  +  SKHO  +  H,0  -  K,SiO,  +  8Ht. 

• 
Crystalllfled  SUieoiL — Pk%  obtained  by  reactions  Nos.  3  and  4, 

silicon  is  a  brilliant,  steely-grey  substance,  crystallised  in  needles 
derived  from  the  rhombic  octahedron.  The  specific  gravity  of  the 
crystals  is  2.34  to  2.49.  Crystallised  silicon  does  not  bum  in 
oxygen,  even  when  strongly  heated:  it  bums  when  heated  in 
chlorine,  and  takes  fire  spontaneously  when  brought  into  fluorine. 
It  is  not  soluble  in  any  add  except  a  mixture  of  nitric  and  hydro- 
fluoric acids.  Crystallised  silicon  is  very  hard,  being  capable  of 
scratching  glass.  When  silicon  is  exposed  to  a  high  temperature, 
out  of  contact  with  air,  it  becomes  denser  and  harder,  and  has 
been  obtained  in  the  form  of  small,  steel-grey  nodules,  showing  a 
crystalline  structure,  and  having  a  specific  gravity  as  high  as  3.a* 

Silicon  Hydride,  Si  H^.— This  compound  is  evolved  at  the 
negative  electrode  (along  wiXh  hydrogen),  when  dilute  sulphuric 
acid  is  electrolysed,  the  electrodes  consisting  of  aluminium  con- 
taining silicon. 

In  an  impure  condition,  also  mixed  with  hydrogen,  this  gas  may 
be  obtained  by  the  action  of  hydrochloric  acid  upon  magnesium 
silicide — 

SiMg,  +  4HC1  =  2MgCl,  +  SiH4. 

*  Although  silicon  in  combination  is  such  an  abundant  element,  constituting, 
as  it  does,  about  one-fourth  of  the  total  weight  of  the  solid  crust  of  the  earth, 
in  the  free  state  it  must  still  be  regarded  as  somewhat  of  a  rarity,  and  con- 
sequently a  good  deal  of  uncertainty  exists  as  to  its  properties.  From  diffier« 
ences  that  have  been  observed  in  the  substance,  as  obtained  by  different 
methods,  and  from  the  close  analogy  that  exists  between  silicon  and  carbon, 
it  was  at  one  time  believed  that  three  allotropes  of  this  element  existed,  corre- 
sponding to  those  of  carbon.  Amorphous  silicon  was  considered  to  represent 
charcoal.  A  crystalline  substance  obtained  by  Wdhler,  by  heating  potassium 
silico-fluoride  with  aluminium,  has  been  regarded  as  corresponding  to  graphite^ 
and  called  graphitic  silicon ;  while  the  octahedral  crystals  of  silicon  prepared 
by  reactions  3  and  4  given  above  (Deville),  were  thought  to  be  the  analogue  of 
diamond ;  and  this  substance  has,  therefore,  been  called  diamond^  or  adamam- 
toid  silicon.  There  is  considerable  doubt  as  to  whether  the  silicon  obtained 
by  all  these  various  methods  was  sufficiently  pure  to  warrant  this  classification, 
and  this  doubt  is  not  diminished  by  the  recently  discovered  fact,  that  silicon 
unites  with  carbon,  forming  a  hard  crystalline  substance,  which  has  received 
the  name  carborundum. 
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(Magncsiiim  rilidde  for  this  reaction  may  be  prepared  by  fusing 
together,  in  a  covered  crucible,  a  mixture  of  dry  magnesium  chloride 
40  parts,  dry  sodium  chloride  10  parts,  sodium  silico-fluoride  35 
parts,  and  metallic  sodium  20  parts.) 

Pure  silicon  hydride  is  prepared  by  acting  upon  triethyl  silico- 
fonnate  with  metallic  sodium.  The  mode  of  action  of  the  sodium 
B  not  known,  the  ethyl  silico-fbrmate  breaks  up  into  silicon  hydride 
and  ethyl  silicate— 

4SiH(OC,Hft)8  -  SiH4  +  aSiCOCjHft)^. 

Fpopertles. — Silicon  hydride  is  a  colourless  gas.  As  obtained 
by  the  first  two  methods  it  inflames  spontaneously.  The  pure 
gas  does  not  possess  this  property.  Its  ignition  point,  however, 
B  very  low,  and  if  the  gas  be  slightly  warmed,  or  if  a  jet  of  it  be 
caused  to  impinge  upon  an  object  a  few  degrees  above  the  ordinary 
temperature,  the  gas  at  once  takes  fire  and  bums  with  a  brightly 
luminoos  flame:  it  is  also  rendered  spontaneously  inflammable 
fay  reduction  of  pressure,  or  by  admixture  with  hydrogen.  When 
brought  into  chlorine  the  gas  takes  fire,  with  formation  of  silicon 
chloride  and  hydrochloric  add. 

Silieon  Flaorlde,  SiF^. — This  compound  is  formed  when  silicon 
is  brought  into  fluorine,  the  silicon  taking  fire  spontaneously  in 
the  gas. 

It  is  prepared  by  the  action  of  sulphuric  acid  upon  a  mixture 
of  powdered  fluorspar  and  sand — 

«CaF,  +  2H,S04  +  SiO,  =  2CaS04  +  2H,0  +  SiF^. 

ProportiM. — Silicon  fluoride  is  a  colourless,  fuming  gas.  It  is 
not  inflammable,  and  does  not  support  combustion.  It  is  de- 
composed by  water  into  hydrofluosilicic  acid,  and  silicic  acid, 
hence  the  gas  cannot  be  collected  over  water — 

3SiF4  +  3H,0  -  2H,SiFa  +  HjSiO,. 

The  silicic  add  is  predpitated  as  a  gelatinous  mass.  Each 
bubble  of  gas  as  it  comes  in  contact  with  the  water  is  at  once 
decomposed,  and  a  little  sack-like  envelope  of  silidc  acid  is 
formed  round  it  On  filtering  the  liquid,  a  solution  of  hydrofluo- 
silidc  add  is  obtained.  When  silicon  fluoride  is  passed  over 
strongly  heated  silicon,  a  white  powder  is  obtained,  having  the 
composition  Si,F^ 
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SUieon  Clllorid6»  SiCI^  is  fbnned  when  sflicoii  it  hettcd  in  fl 
itxeain  of  dikmne.  Under  diew  drcnmstanoef  the  siliooo  bums 
in  the  gas. 

It  is  obtained  by  heating  an  intimate  murtore  of  silica  and 
caibon  in  a  stream  of  chlorine^  and  passing  the  products  through 
a  cooled  tube— 

SiO,  4-  SC  +80,-200  +  SiO^. 

Propertlea.'— Silicon  chloride  is  a  oolouriess  liqcud,  which  fumes 
strongly  in  moist  air,  and  boils  at  58.3^  It  is  decmnposed  by 
water  into  silicic  and  hydrodiloric  adds — 

SiClf  -f  4H,0  -  Si(HO)|  +  iHClt 

and  the  silidc  add  so  formed,  passes  dther  entirely  or  in  part 
into  the  dibasic  add,  thus — 

Si(H0)4  -  SiO(HO),  +  H,0. 

IMsUioon  hexadilorlde  (also  known  as  silicon  trichloride),  SijCl^.  is  formed 
when  the  vapour  of  silicon  tetrachloride  is  passed  over  strongly  heated 
silicon — 

SSiCU  +  Si  =  SSi^CIf 

It  may  be  prepared  by  gently  heating  the  corresponding  iodine  compound, 
with  mercuric  chloride — 

Si,I,  +  SHgCl,  =  SijCl,  +  SHglj. 

Propertlet. — Disilicon  hexachloride  is  a  mobile,  colourless,  fuming  liquid, 
which  boils  at  147°  and  crystallises  at  - 1*.  When  the  liquid  is  boiled,  and 
the  hot  vapour  allowed  to  escape  into  the  air,  it  spontaneously  ignites. 

Silicon  forms  two  compounds  with  bromine  and  with  iodine,  corresponding 
to  the  chlorides,  namely — 

SiBr4  :  SisBr,  ;  Silf  :  Si,I«. 

SiliGOn  Dioxide*  SiOt*  occurs  in  nature  in  a  more  or  less  pure 
form  in  a  large  number  of  minerals,  some  of  which  have  already 
been  alluded  to,  as  natural  compounds  of  silicon.  Silicon 
dioxide  in  an  amorphous  form,  is  met  with  in  the  different  varieties 
of  opaly  and  in  enormous  quantities  in  the  deposit  known  as  kiesel- 
guhr.  This  substance  consists  of  the  remains  of  extinct  diato- 
macex,  and  is  met  with  in  various  parts  of  Germany.  In  a 
crystalline  condition  silica  occurs  as  quarts  or  rock  crystal^  and 
also  in  a  rarer  form  as  tridymite. 
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'i.)  Silicon    dioxide  is   fonned  when 
amorphous  silicon  is  boiot  in  air  or  oxygen. 

(a.)  It  may  be  prepared  by  heating  silicic  add,  which  readily  parts 
with  water,  ud  lenres  pure  rilicon  dioxide  as  a  light  while  amor- 
phous powder — 

Si(HO)«  -  SiO,  +  2H,0  :  or 
SiO(HO),  -  SiOi  +  H^. 

(3.)  In  mintite  crysUli,  silicon  dioxide  is  obtained  by  strongly 
beating  a  solution  of  an  alkaline  silicate  in  a  sealed  glass  tube, 
whereby  a  portion  of  the 
silica  of  the  glass  is  dinolved. 
When  this  solution  is  cooled, 
silicon  dioxide  is  deposited. 
If  the  crystalliution  takes 
place  above  a  temperature  of 
]&>',  crystals  of  quarti  are 
obtained  ;  if  below  this  point, 
it  deposits  crystals  of  tridy- 
mite,  while  at  ordinary  tem- 
peratttres  the  silica  is  depo- 
sited in  the  amorphous  con- 
^tioiL  Much  larger  quarti 
OTstals  have  been  obtained, 
by  the  prolonged  beating  to 
ijo*,  of  a  10  per  cent  aque- 
ous solution  of  silicic  acid 
(obtained  by  dialysis),  in 
stout  scaled  glass  flasks. 

PropOrttoS.—intbe  crys- 
talline condition  as  quarts, 
silicon  dioodde  forms  pris- 
matic crystals  belonging  to 
the  hexagonal  system,  terminating  in  hexagonal  pyramids.  Fig. 
141  represents  a  mass  of  quartz  or  rock  crystal. 

The  purest  forms  of  rock  crystal  are  perfectly  colourless,  having 
a  spedfic  gravity  of  3.69,  and  are  sufliciendy  bard  to  cut  glass. 
When  cut  and  polisbed,  it  exhibits  a  brilliancy  not  for  inferior 
to  that  of  the  diamond,  and  is  occasionally  substituted  for  this 

Qnarti  is  often  found  coloured  by  the  presence  of  small  quanti- 
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ties  of  imparities,  as  in  the  varieties  known  as  omMyst  fuariM  ^xA 
smoky  piortM^  and  in  great  quantities  as  milky  quartM. 

The  variety  of  silicon  dioxide  known  as  iridymiU^  is  found  as 
minute  crystals  in  cavities  in  certain  specimens  of  trachytic  rocks. 
The  crystidline  form  of  tridymite,  although  belonging  to  the  hexa- 
gonal system,  is  distinct  from  that  of  quartz,  and  the  crystals  are 
frequently  met  with  grown  together  in  the  manner  known  as  twin- 
crystals. 

Amorphous  silicon  dioxide,  as  it  occurs  in  nature,  is  a  translu- 
cent substance,  having  a  conchoidal  or  vitreous  fracture ;  its  spedfic 
gravity  is  2.3.  As  artificially  prepared,  it  is  a  soft  white  powder, 
whose  specific  gravity  is  3.3.  At  the  temperature  of  die  oxy- 
hydrogen  flame,  silicon  dioxide  melts  to  a  transparent  glass-like 
substance,  which  is  capable  of  being  drawn  out  into  fine  threads 
resembling  spun  glass.  These  fibres  possess  niany  valuable  pro- 
perties, and  are  employed  by  physicists  in  delicate  instruments  of 
precision. 

Silicon  dioxide  is  insoluble  in  water,  and  in  all  acids  with  the 
exception  of  hydrofluoric  acid.  It  dissolves  in  alkalies,  and  the 
amorphous  powder  can  be  dissolved  in  a  boiling  solution  of  sodium 
carbonate.  Many  natural  hot  springs  contain  silica  held  in  solu- 
tion as  an  alkaline  silicate,  and  on  exposure  to  atmospheric  carbon 
dioxide,  the  silicate  is  decomposed  with  the  deposition  of  silica  and 
the  reformation  of  an  alkaline  carbonate.  The  enormous  quantities 
of  siliceous  sinter  deposited  by  geysers  at  Rotomahama,  New  Zea- 
land, were  formed  in  this  way.  When  fused  with  sodium  carbo- 
nate, silicon  dioxide  is  converted  into  soluble  sodium  silicate — 

SiO,  +  2NajC0j  =  2CO,  +  SiCNaO)^. 

Silicie  Aeids. — Silicon  dioxide  is  capable  of  forming  weak 
polybasic  acids,  but  from  the  readiness  with  which  they  give  up 
water,  it  is  probable  that  none  have  ever  been  obtained  in  a  state 
of  purity.  The  compound  represented  by  the  formula  Si(HO)4  is 
known  as  orthosilicic  acid,  and  is  tetrabasic  By  the  loss  of  one 
molecule  of  water,  it  forms  metasilicic  acid,  SiO(HO),.  When 
hydrochloric  acid  is  added  to  a  solution  of  an  alkaline  silicate,  a 
gelatinous  precipitate  is  obtained,  which  consists  of  the  dibasic 
acid  SiO(HO)^  or  H,SiOj— 

SiO(NaO),  +  2HC1  -  SiO(HO),  +  2NaCl. 

If,  on  the  other  hand,  the  solution  of  alkaline  silicate  be  added 
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cautiously  to  an  excess  of  hydrochloric  acid,  the  silicic  acid  remains 
in  solution,  and  is  probably  present  as  orthosilicic  acid,  Si(HO)u  or 

H,ao4— 

SiO(NaO),  +  SHQ  +  H,0  -  Si(HO),  +  SNaCL 

The  sodium  chloride  in  the  solution  may  be  removed  by  a  pro- 
cess of  separation  known  as  dialysis.  This  process,  discovered  by 
Graham,  is  based  upon  a  property  belonging  to  certain  classes  of 
substances,  of  passing  when  in  solution  through  certain  mem- 
branes. The  mixture  is  placed  in  an  apparatus  resembling  a 
snail  tambouiioe  (Fig.  141)  (made  by  stretching  either  paich- 
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ment,  or  pardunent  paper,  over  a  wooden  hoop),  which  is  then 
floated  upon  water.  The  sodium  chloride  passes  through  the 
membrane,  while  the  silicic  acid  remains  behind  in  the  dialyser, 
u  a  dilute  aqueous  solution.  Substances  in  solution  which  ate 
capable  of  readily  difliising  through  such  a  membrane,  were  termed 
by  Graham  aystalloidt;  while  others,  such  as  the  silicic  acid, 
which  either  do  not  pass  through,  or  only  do  so  with  difficulty,  are 
known  as  colloids. 

This  aqueous  solution  of  silicic  acid  may  be  concentrated  by 
btnling,  and  flirther  by  evaporation  in  vacuo  over  sulphuric  acid, 
until  it  contains  about  3i  per  cent  of  tetrabasic  silicic  acid,  or  14 
per  ccnL  of  ulicon  dioxide.  In  this  condition  it  is  a  tasteless 
Ikinid,  having  a  feeble  acid  reaction.  It  cannot  be  preserved,  as 
on  standing'  it  solidifies  to  a  transparent  gelatinous  mass,  which 
has  approximately  the  composition  H,SiO]. 
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oi  tbeie  siUcfttes  are  derived  from  the  dibasic  and  tetrabasie  adds  already 
described,  while  others  maj  be  regarded  as  the  salts  of  a  number  of  hypo- 
thetical polybasic  silide  adds,  derived  from  metasilidc  add  by  the  giadinal 
eliminatioo  of  water.  Thus,  by  the  withdrawal  of  one  molecule  of  water  from 
two  molecules  of  metatiUck  add,  an  add  known  as  disilidc  add  b  obtained, 
haring  the  composition  SiA(HO)B,  or8SiOi.K^,  or  H^ifif- 

aSiO(HO)»  ^Hfi  +  SiA(HO)i. 

By  the  ahstractioa  of  one  molecule  of  water  from  two  molecules  of  ortho- 
silicic  add  another  disilidc  add  b  simlhrly  derived— 

2SI(HO)4  -  H/>  +  Bfi{H0)9,  or  TSkO^SHfi,  or  H^SiA- 

By  the  partial  withdrawal  of  water  from  three  molecules  of  silide  add  a 
number  of  hypothetical  trisilidc  adds  may  be  derived,  such  as— 


8SiOa,8H,0  or  H^SyO^;  SSiO^SK^  or  HuSitOu : 
8SiOa,7H/>  or  HiAPit' 

locates  derived  from  an  add  containing  one  atom  of  silioon  are  termed 
monosilicates ;  those  from  adds  with  two  or  three  atoms  of  silicon  respec- 
tively, disilicates  and  trisilicates. 

Thus,  the  mineral  ^ridote  is  a  monosilicate,  Mg^SiO^. 

Serpentine  is  a  disilicate,  Mg^fy,  and 

Felspar,  or  orthoclase,  is  a  trisilicate,  A]aiCj|(Si^O^ 


TIN. 

Symbol,  Sn.    Atomic  wdght  s  117.35. 

Occurrenee. — ^Tin  does  not  occur  in  nature  in  the  uncombined 
state.*  It  is  met  with  chiefly  as  the  oxide  SnO^  in  the  mineral 
tin-stone  or  cassiierite;^  which  is  found  in  immense  deposits, 
although  in  comparatively  few  localities.  It  is  usually  associated 
with  arsenical  ores,  copper  pyrites,  wolfram  (a  tungstate  of  iron 
and  manganese),  and  other  minerals.  Occasionally  it  is  met  virith 
in  nodules  of  nearly  pure  oxide,  known  as  stream-tin. 

Mode  of  Formation. — ^Tin  is  obtained  exclusively  from  tin- 
stone :  and  the  process  with  ordinary  ore  consists  of  three  opera- 
tions, namely— (i)  calcining,  (2)  washing,  (3}  reducing  or  smelting. 
If  the  ore  be  nearly  pure  tin-stone  it  may  be  at  once  smelted. 

The  finely  crushed  ore,  after  being  washed  from  earthy  matters, 

*  Metallic  tin  has  been  found  in  Bolivia,  but  its  origin,  whether  natural  or 
artifidal,  is  doubtfiiL 

t  Cassiterides,  the  andent  name  for  the  British  Isles,  is  derived  from  the 
fact  that  tin-stone  was  found  in  large  quantities  in  Devonshire  and  Cornwall, 
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is  cakiiied  in  a  levcibeiatory  furnace.  The  sulphur  and  arsenic 
pass  away  ai  sulphur  dioxide  and  arsenious  oxide,  and  are  led  into 
nrndcnsing  flues,  where  the  arsenic  deposits  and  is  collected.  The 
inm  and  copper  are  oxidised  to  oxide  and  sulphate.  This  calcina- 
tion is  sometimes  conducted  in  the  revolving  calciner,  shown  on 
page  446.  The  calcined  ore  is  next  washed,  whereby  copper 
sulphate  is  dissolved,  and  the  iron  oxide  and  other  light  matters 
axe  removed.  The  purified  ore  is  then  mixed  with  powdered 
anthracite^  and  smelted  in  a  reverberatory  furnace — 

SnO,  +  SC  -  SCO  +  Sn. 

The  metal  so  obtained,  is  purified  by  first  heating  it  upon  the 
hearth  of  a  similar  fiimace,  until  the  more  readily  fusible  tin  melts 
and  flows  away  from  the  associated  alloys ;  and  afterwards  by 
stirring  into  the  molten  tin  so  separated,  billets  of  green  wood, 
which  results  in  the  separation  of  a  scum  or  dross  carrying  with  it 
the  impurities. 

Properties. — ^Tin  is  a  bright  white  metal,  which  retains  its 
lostxe  unimpaired  in  the  air.  It  is  sufficiently  soft  to  be  cut  with  a 
knife,  but  is  harder  than  lead,  although  less  hard  than  zinc  At 
ordinary  temperatures  it  is  readily  beaten  out  into  leaf  (known  as 
tin-foU),  and  may  be  drawn  into  wire ;  but  at  temperatures  a  little 
bdow  its  melting-point  (228^  it  becomes  brittle  and  may  be 
powdered.  Tin  may  be  obtained  in  the  form  of  crystals,  by  melt- 
ing a  quantity  of  the  metal  in  a  crucible,  and  when  partially 
solidified,  pouring  out  the  remaining  liquid  portion.  Its  crystalline 
diaracter  is  also  seen  by  pouring  over  the  surface  of  a  block  of 
cast  tin,  or  a  sheet  of  ordinary  tinned  iron,  a  quantity  of  warm 
^ote  aqua-regia,  when  the  surface  of  the  metal  will  immediately 
editbit  a  beautiful  crystalline  appearance. 

When  a  bar  of  tin  is  bent,  it  emits  a  faint  crackling  sound,  and 
if  qoickly  bent  backwards  and  forwards  two  or  three  times,  the 
metal  becomes  perceptibly  hot  at  the  point  of  flexure.  These 
phenomena  are  due  to  the  friction  of  the  crystalline  particles. 
When  strongly  heated,  tin  takes  fire  and  bums,  forming  stannic 
oxide,  SnOf.  It  is  oxidised  by  both  sulphuric  and  nitric  acids ; 
thus,  when  heated  with  strong  sulphuric  acid,  stannous  sulphate 
and  sulphur  dioxide  are  produced— 

Sn  +  SH,S04  -  SnS04  +  SO,  +  2H80; 
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The  stnmgest  nitric  add  (spedfic  gravity,  1.5)  it  witliout  action 
upon  tin.  Ordinary  concentrated  nitric  add  (specific  gravity,  1.24) 
attacks  it  with  violence,  fanning  metastannic  add  (p.  593X  while  in 
cold  dilute  add,  it  slowly  dissolves  with  thfe  production  of  stannous 
nitrate — 

4Sn  +  9HN0,  -  4Sn(NO0i  +  dH,0  +  NH.. 

The  ammonia  unites  with  another  portion  of  nitric  add,  forming 
anunonium  nitrate.  Stiong  hydrochloric  add  converts  it  into 
stannous  diloride,  with  evolution  of  hydrogen. 

Tin  is  extensively  employed  in  the  process  of  Hmdmg^  which 
consists  in  coating  other  metals  with  a  thin  film  of  tin,  by  dipping 
into  a  bath  of  the  molten  metaL  Ordinary  tin-plate  (or  in  oonunon 
parlance,  ''tin,"  the  material  of  whidi  artides  generaUy  called 
''tins*  are  made)  is  thin  sheet-iron  which  has  been  thus  supers 
iicially  coated  with  tin. 

Alloys  of  Tin. — Tin  enters  into  the  composition  of  a  large 
number  of  useful  alloys.  With  lead,  tin  will  mix  in  all  proportions, 
and  many  alloys  are  in  use  consisting  of  these  two  metals.  They 
are  all  white,  and  mdt  at  temperatures  lower  than  that  of  either 
constituent 

Pewter  contains  3  parts  of  tin  to  i  part  of  lead.  Common 
solder  consists  of  i  part  tin  and  i  part  lead,  while  coarse  and  fine 
solder  contain  half,  and  twice  this  proportion  of  tin  respectively. 
With  copper,  the  most  important  alloys  are  the  various  brasses 
and  bronzes.  Britannia  metal  contains  tin  84  parts,  antimony  10 
parts,  copper  4  parts,  and  bismuth  2  parts.  Tin  is  a  constituent 
also  of  the  so-called  ykn'^/f  alloys  (see  Bismuth,  page  461). 

Oxides  of  Tin. — Two  oxides  are  definitely  known,  namely, 
stannous  oxide,  SnO,  and  stannic  oxide,  SnO,.  The  monoxide  is 
a  base,  yielding  the  stannous  salts;  the  dioxide  is  both  a  basic  and 
an  acidic  oxide. 

Stannous  Oxide,  SnO,  is  obtained  by  heating  stannous  oxalate 
out  of  contact  with  air,  thus— 

SnC,04  =  SnO  +  CO,  +  CO. 

When  sodium  carbonate  and  stannous  chloride  are  mixed,  carbon 
dioxide  is  evolved,  and  the  white  hydrated  oxide  is  predpitated, 
thus — 

2SnCl,  +  SNa^COs  +  H,0  =  4NaCl  +  2C0,  +  2SnO,H,0. 
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Wben  this  hydnted  oxide  is  boiled  with  insufficient  caustic 
alkali  to  dissolve  it,  the  undissolved  portion  is  dehydrated  and 
converted  into  the  black  monoxide. 

When  heated  in  the  air,  stannous  oxide  becomes  incandescent, 
boming  to  the  dioxide.  It  is  soluble  in  acids,  forming  stannous 
salts.  The  solution  of  stannous  oxide  in  sodium  hydroxide  is 
used  by  the  calico  printer,  and  is  known  conunercially  as  sodium 
Mimnnite, 

Stannle  Oxide,  SnO,  {fin  dioxide),  is  the  chief  ore  of  tin.  It  is 
fonned  where  the  metal  is  burnt  in  the  air,  but  is  most  readily  pre- 
pared by  igniting  metastannic  add. 

It  is  a  iRdiite  amorphous  powder,  which  changes  to  yellow  and 
brown  on  heating,  but  returns  to  its  original  condition  on  cooling. 
When  strongly  heated  in  a  stream  of  gaseous  hydrochloric  acid,  it 
may  be  obtained  in  small  crystals,  identical  with  the  natural  com- 
pound. Stannic  oxide  is  unacted  upon  by  acids  or  alkalies,  but 
in  contact  with  fused  potassium  hydroxide  it  is  converted  into 
potassium  stannate. 

Stannie  Add,  HsSnO,,  or  SnO„H,0,  is  obtained  in  a  hydrated 
condition,  as  a  white  gelatinous  precipitate,  when  calcium  car- 
bonate is  added  to  stannic  chloride  in  insufficient  quantity  for 
complete  precipitation.  When  the  precipitate  is  dried  in  vacuo, 
it  has  the  composition  H^SnOs.  The  equation  representing  its 
fbnnation  may  be  expressed  thus — 

8CaC€)t  +  SnCl4  +  H,0  =  2CaCl,  +  SCO,  +  HjSnO,. 

Stannic  add  forms  a  number  of  salts,  of  which  sodium  and 
potassium  stannates  are  the  most  important ;  the  former  being 
extensively  employed  as  a  mordant  in  dyeing,  under  the  name  of 
fnpmring  soli.  The  salts  have  the  composition  Na2SnOs,3H20, 
and  KsSnO|,3H|0  respectivdy,  and  are  both  soluble  in  water. 

MetuUuinto  Aold,  HioSUftO^,  is  obtained  as  a  white  amorphous 
powder,  when  tin  is  acted  upon  by  strong  nitric  acid  ;  the  reaction 
may  be  represented  thus — 

fiSn  +  aOHNO,  -  HioSujOu  +  fiH,0  +  20NO,. 

The  composition  of  the  compound  depends  upon  the  particular 
temperature  at  which  it  is  dried.  This  acid  is  sometimes  regarded 
as  a  polymer  of  stannic  add,  which  may  be  expressed  by  the 
formula  6(HjSnOs);  metastannic  acid,  however,  appears  to  be 

2  P 
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dibasiq  Ibmiiiig  salts  In  ulikii  two  only  of  liie  hydrogen  atoms 
are  replaced ;  its  compontioa  nuqr  tlieieibie  be  conveniendy  es- 
piessed  thus— 

H^nO»4SnO»4H  A  ^  HaSQ|0i2,4H  A 

tfa^  fomuite  bdng^ 

X:tSnO||4SnO||4H/>,  and  Na,SnO»4SnOa»iH|0. 

StamUNls  OblorUtet  &iCl»  is  obtained  by  dissolving  tin  in 
hydrochloric  add,  and  evaporating  the  soltttiony  when  monosym-' 
metric  prims  separate  ont^  having  the  composition  SnCl^SH^O. 
When  dried  in  vacuo  diey  become  anhydrooSi  The  anhydroos 
diloride  is  directly  obtmned  when  tin  fifingS  and  mercuric  diloride 
are  heated  together— 

HgCl,  +  Sn  -  SnCla  +  Hg. 

The  reduced  mercury  volatilises  and  leaves  the  chloride,  which 
at  a  higher  temperature  may  be  distilled. 

Stannous  chloride  dissolves  in  a  small  quantity  of  water,  but 
with  an  excess  of  water,  or  on  exposure  to  the  air,  an  oxychloride 
(or  basic  chloride)  is  precipitated  with  simultaneous  elimination  of 
hydrochloric  acid,  thus — 

2SnClj  +  2HjO  =  SnCl^SnO,H,0  +  2HCL 

The  composition  of  this  oxychloride  may  also  be  expressed  by 
either  of  the  following  formulae — 

Sn,OCl^H,0,  or  2S|i(0H)Cl,  or  2(SnO,HCl). 

Stannous  chloride  is  a  powerful  reducing  agent,  as  it  readily 
combines  with  either  oxygen  or  chlorine ;  thus,  when  added  to  a 
solution  of  mercuric  chloride,  the  latter  is  first  reduced  to  mer^ 
curous  chloride,  which,  on  being  gently  warmed,  is  reduced  to 
metallic  mercury — 

2HgCls  +  SnCl,  ->  Hg^Cla  +  SnCl«. 
HgjCI,  +  SnCl,  =  2Hg  +  SnC^. 

By  the  absorption  of  oxygen,  the  above  oxychloride  and  stannic 
chloride  are  fo'rmed,  thus — 

aSnCl,  +  O  +  H,0  -  SnCl„SnO,H,0  +  SnCl*. 
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StanncMis  chloride  boils  at  a  temperature  about  606*.  The 
density  of  the  vapour  only  agrees  with  the  formula  SnCl^  at  tem- 
peratures above  900°,  at  lower  temperatures  its  vapour  density 
approaches  more  nearly  to  that  required  by  the  formula  SnjClf. 

Stannie  Chloride,  SnCl^,  is  obtained  by  passing  a  stream  of 
dry  chlorine  over  melted  tin  in  a  glass  retort ;  or  by  heating  a 
nuxture  of  powdered  tin  with  an  excess  of  mercuric  chloride,  when 
the  anhydrous  chloride  distils  over  as  a  colourless,  mobile,  fuming 
liquid,  which  boils  at  113.9*.  It  unites  with  water  with  evolution 
of  heaty  forming  hydrated  compounds  of  the  composition  SnCl4, 
SHfO  ;  SnCl^iSHsO,  and  SnCl^jSH^O.  The  compound  containing 
6H^  is  employed  as  a  mordant,  and  is  commercially  known  as 
9xymntriaie  of  tin. 

Stannic  -chloride  combines  with  alkaline  chlorides  forming 
double  chlorides  (sometimes  called  chlaro-stannaies)^  such  as 
SnCl4^NH4Cl,  and  SnCl^^SKCL 

Stannous  Sulphide,  SnS. — When  tinfoil  is  introduced  into 
sulphur  vapour  the  metal  takes  fire,  and  yields  a  leaden-coloured 
mass  of  stannous  sulphide. 

In  the  hydrated  condition,  stannous  sulphide  is  precipitated  as 
a  brown  powder,  when  sulphuretted  hydrogen  is  passed  through 
stannous  chloride  ;  on  drying,  this  becomes  black  and  anhydrous. 

Stannous  sulphide  dissolves  in  hot  concentrated  hydrochloric 
add.  It  is  also  soluble  in  alkaline  polysulphides,  forming  sulpho- 
stannatcs,  thus — 

(i)    4SnS  +  K,Sft  "  K,SnS,  +  3SnS,. 
(2)     SnS,  +  K,S  -  KjSnS^ 

On  the  addition  of  hydrochloric  acid  to  the  solution,  stannic 
sol^de  is  precipitated — 

K|SnS,  +  2HC1 «  2KC1  +  H^S  +  SnS,. 

Stannic  Sulphide,  SnS,. — This  compound  cannot  be  formed 
by  heating  tin  and  sulphur  alone,  as  the  heat  of  the  reaction  is 
greater  than  that  at  which  stannic  sulphide  is  resolved  into 
stannous  sulphide  and  sulphur.  It  .is  obtained  by  heating  tin 
amalgam,  sulphur  and  ammonium  chloride,  in  a  retort  The  action 
that  takes  place  is  a  complicated  one,  various  products  being 
volatilised,  and  stannic  sulphide  remaining  in  the  retort  as  a  mass 
of  golden  yellow  scales.  Amongst  the  products  expelled  during 
the  process  are  ammonium  chloride,  sulphur,  mercuric  chloride, 
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meteoric  sulphide,  and  tulphiifetted  hydrogen.  The  ammontain 
chloride  present,  probably  acts  by  the  fonnatioo  of  ammonium 
stannous  chloride,  as  an  intennediate  product,  which  is  then  de- 
composed with  the  production  of  stannic  sulphide  and  ammonium 
stannic  diloride,  thus — 

SSnO^SNH^Q  -I-  SS  -  SnS|  +  NH^Q  -I-  SnCl4,8NH4CL 

Stannic  sulphide  is  a  golden  ydlow  crystalline  substance,  which 
when  heated,  partially  sublimes  as  such,  but  is  for  the  most  part 
decomposed  into  the  monosulphide  and  firee  sulphur.  It  is  largely 
used  as  a  pigment  known  as  miamUgokL 


LEAH. 

Symbol,  Pb.    Atomic  wdght  =  006^391 

Occurrence. — Lead  has  been  found  in  small  quantities  in  the 
uncombined  state,  probably  reduced  from  its  ores  by  volcanic 
action. 

In  combination  with  sulphur  it  occurs  in  enormous  quantities  in 
the  mineral  galena^  PbS,  which  is  the  ore  from  which  the  metal 
is  chiefly  obtained.  Large  quantities  are  also  met  with  as  carbonate 
in  the  mineral  cerussite^  PbCOg.  Other  natural  compounds  are 
angUsitey  PbSO^ ;  kmarkiU,  PbSOijPbO  ;  matiockite,  PbCl^PbO  ; 
pyromorphitey  3Pb3P,Og,PbCl,. 

Modes  of  Formation. — Lead  is  very  readily  reduced  from  its 
compounds,  and  on  this  account  was  one  of  the  earliest  known 
metals.     It  was  termed  by  the  Romans //vm^i^m  nigrum. 

Two  general  processes  are  made  use  offer  the  reduction  of  lead 
from  its  ores  : — 

In  the  first  method  (known  as  the  reduction  process\  the  lead 
sulphide  is  reduced  by  double  decomposition  with  lead  oxide  and 
sulphate,  which  are  fonned  by  roasting  the  ore. 

In  the  second  (called  the  precipitation  process\  the  sulphide  is 
reduced  by  metallic  iron. 

(i.)  The  galena  is  introduced  into  a  reverberatory  furnace,  where 
it  is  partially  roasted,  whereby  a  portion  of  the  sulphide  is  oxidised 
to  sulphate  and  oxide — 

PbS  +  20,  -  PbSO^. 

SPbS  +  8O2  -  SPbO  +  SSOt. 


The  tonpenittire  ii  then  raised,  when  the  oxide  and  sulphate 
itact  upon  a  further  portion  of  the  sulphide,  with  the  formation  of 
metallic  lead  and  the  evolution  of  sulphur  dioxide — 


SPbO  +  PbS  - 


f  SO,. 


This  method  of  lead  imelting  is  followed  when  the  ore  is  fairly 
free  from  other  metallic  sulphides.  The  reverberatoiy  furnace 
imally  employed  (known  as  the  FtinUkirt  furnace)  has  a  con- 
ndenble  depression,  or  well,  in  the  hearth,  where  the  tnetallic 
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lead  coDecti  during  th^  process,  and  from  which  it  is  drawn  olf 
into  a  metal  pot 

The  same  process  is  carried  out  in  the  North  of  England,  and 
in  Scotland,  where  a  very  pure  lead  ore  is  employed,  upon  open 
shallow  hearths  (known  as  the  ore  hearth,  or  S(o/(A  htarth),  built 
under  a  brickwork  hood  or  chimney  in  such  a  manner  that  the 
fimies  of  lead  which  escape  are  caused  to  pass  into  condensing 
chambcn.  Fig.  143  shows  such  a  hearth  in  section.  The  fire  of 
peat  and  coal  is  urged  by  a  small  blast  admitted  from  behind,  and 
the  ore  is  added  in  small  quantities  at  a  time.  The  reduced  metal 
■inking  to  the  bottom,  runs  under  the  lire-bar,  and  ovetftows 
from  the  shallow  hearth  down  a  channel  upon  an  inclined  stone 
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sur&ces  (called  the  work-stcfu)  into  an  iron  pot  P,  which  is  gently 
heated  by  a  small  fire  to  enable  the  operator  to  ladle  the  metal  out 
into  moulds. 

(2.)  This  method  of  lead  smelting  depends  upon  the  &ct,  that  at 
a  high  temperature  metallic  iron,  in  contact  with  lead  sulphide,  is 
converted  into  ferrous  sulphide,  with  separation  of  lead — 

PbS  +  Fe  -  FeS  +  Ph. 

The  ores  (either  in  the  raw  state,  or  after  previous  calcination) 
are  smelted  in  a  blast-furnace  with  coke  and  either  metallic  iron, 
or  such  materiab  as  will  yield  iron  under  the  furnace  conditions. 
The  sulphide  of  iron,  along  with  other  metallic  sulphides,  rises  to 
the  top  of  the  molten  lead  as  a  matt  or  regulus,  while  above  this  a 
fusible  slag  collects,  consisting  chiefly  of  silicate  of  iron. 

The  lead  first  obtained  by  any  of  these  processes  usually  con- 
tains antimony,  tin,  copper,  and  other  metals.  These  impurities 
are  removed  by  heating  the  metal  in  a  shallow,  flat-bottomed 
reverberatory  furnace.  Most  of  the  admixed  metals  oxidise  before 
the  lead,  and  collect  in  the  dross  which  forms  upon  the  surface. 
This  process  is  known  as  the  softening  of  lead.  The  silver,  how- 
ever, which  is  always  present,  is  not  removed  by  this  operation, 
but  is  extracted  by  one  of  the  methods  for  desilverising  lead 
described  under  silver,  page  516. 

Properties. — Lead  is  a  soft,  bluish- white  metal,  which  when 
freshly  cut  exhibits  a  bright  metallic  lustre.  On  exposure  to  the 
air  its  bright  surface  becomes  quickly  covered  with  a  film  of  oxide. 
Lead  is  sufficiently  soft  to  be  scratched  with  the  finger  nail,  and 
it  leaves  a  black  streak  when  drawn  across  paper.  It  cannot  be 
hammered  into  foil,  or  drawn  into  wire,  but  may  readily  be  obtained 
in  these  forms  by  rolling  and  pressing.  When  a  quantity  of 
melted  lead  is  allowed  partially  to  resolidify,  and  the  still  liquid 
portion  poured  off,  the  metal  is  obtained  in  the  form  of  octahedral 
crystals  belonging  to  the  regular  system.  Its  crystalline  nature  is 
also  readily  seen  by  submitting  a  solution  of  a  lead  salt  to  electro- 
lysis, when  the  metal  is  deposited  upon  the  negative  electrode  in 
beautiful  arborescent  crystals  with  a  brilliant  metallic  lustre  (Fig. 
144).  It  is  deposited  in  a  similar  form,  known  as  the  lead  trUy  by 
suspending  a  strip  of  zinc  in  such  a  solution.  The  specific  gravity 
of  lead  is  11.3  ;  it  melts  at  330*  to  335*,  and  becomes  covered  with 
a  black  film  of  the  suboxide,  Pb^O  :  when  more  strongly  heated 
it  is  oxidised  to  the  monoxide,  PbO. 
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Lead  is  rapidly  diasolved  \if  nitric  acid,  but  hydrochloric  and 
tnlphnric  adds  are  almost  without' action  upon  it  in  the  cold.  Hot 
coocentratcd  hydrochloric  acid,  however,  slowly  converts  it  into 
lead  chloride. 

Lead  is  unacted  upon  by  pure  water,  in  the  absence  of  air ;  but 
in  contact  with  air,  lead  hydroxide  is  formed,  whidi  is  slightly 
loinble  ia  water.  By  the  action  of  atmospheric  carbon  dioxide  upon 
tlus  solution,  a  basic  carbonate  is  precipitated,  having  the  com- 
pontion  8PbCO„Fb(HO]i.  The  solvent  action  of  water  upon  lead 
b  greatly  influenced  by  the  presence  of  various  dissolved  sub- 
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stances  in  the  water ;  thus,  water  containing  small  quantities  of 
ammoniacal  salts,  notably  the  nitrate,  dissolves  lead  much  more 
raindly,  and  the  same  is  the  case  with  water  chained  with  carbon 
dioxide  under  pressure.  In  the  latter  case  the  action  is  probably 
doe  to  the.lbnnation  of  a  soluble  acid  carbonate. 

Water,  on  the  other  hand,  containing  small  quantities  of  phos- 
fhates  and  carbonates,  especially  the  acid  caldum  carbonate,  are 
almost  entirely  without  action  upon  lead.  Certain  drinking  waters 
fsuch  as  the  Loch  Katrine  water),  wluch  on  account  of  their  purity 
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exert  a  acdyeBt  actkm  iqpcm  the  lead  pipes  duoagii  iHiidi  ^ley  are 
conveyed,  aie  leadeied  kicapable  of  acting  upon  the  lead  by  bdag 
fiiBt  filtered  through  dialk  oar  animal  charcoal,  niildi  enables  them 
to  take  up  sufficient  calcium  caibonate  or  f^osphate  to  prevent 
tlnsactiafi. 

(Hi  acooimt  of  the  ediansttve  niediods  of  desilvefisatioii  to  which 
the  lead  is  subjected,  eoramerdal  lead  possesses  ad^iee  of  parity 
not  found  in  any  odier  mend  as  oommonly  met  with  $  die  total 
amount  of  fordgn  metals  piesent  in  oidkiaiy  oonwneffdal  lead, 
ranges  from  ai  to  aoc6  per  cent 

Lead  is  out  to  alaoEoaiiiiibar^if  usaalA^^die  art^ien  aocount  of 
the  ease  iMi  whidi  k xm^'^WBfiktA^miA  lis  pliiiif  af  gesisting 
the  action  «f  water  and  many  adds.  In  i^m^mttttsim  of  lead 
pipes  advantage  is  tidcen  of  the  extreme  sofhiesselllliMMital,  and 
the  readiness  witib  which  it  can  be  pressed  into  duq^$  fhe  lead, 
in  a  pasty  or  semi-molten  condition,  being  merely  squeeied,  or 
squirtedy  through  a  steel  die,  by  hydraulic  pressure. 

Lead  bullets  are  also  made  by  squeezing  the  metal  into  moulds  ; 
for  as  lead  contracts  on  solidification,  bullets  made  by  casting 
always  contain  a  small  cavity,  which  (unless  it  happens  to  form 
exactly  at  the  point  of  centre  of  gravity)  renders  the  flight  of  the 
bullet  untrue. 

Oxides  of  Lead. — Five  oxides  of  lead  are  known,  having  the 
composition  PbjO,  PbO,  Pb,0„  Pbj04,  PbOj. 

Lead  Suboxide  {piumbous  oxide\  Pb20,  is  the  black  compound 

which  is  formed  when  lead  is  heated  to  its  melting-point     It  is 

obtained  by  heating  plumbic  oxalate  to  about  300**  in  a  glass  tube 

or  retort — 

2PbC,04  -  CO  +  3C0,  +  Pb,0. 

When  heated  in  the  air  it  bums,  forming  plumbic  oxide  ;  in  the 
absence  of  air  it  is  decomposed  into  the  same  oxide  and  metallic 
lead,  the  reactions  being — 

Pb,0  +  O  -  2PbO. 
PbjO  =  Pb  +  PbO. 

In  contact  with  acids  it  decomposes  in  the  same  manner,  lead 
being  deposited,  and  the  plumbic  oxide  dissolving  in  the  acid  to 
form  a  plumbic  salt. 

Plumbie  Oxide  {lead  monoxide^  litharge^  tnassicot)^  PbO,  is 
.formed  when  lead  is  strongly  heated  intbe.^ir,  and  is  obtained  in 
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large  quantities  in  the  cupellation  of  argentiferous  lead.  It  may 
be  obtained  by  heating  lead  nitrate  or  carbonate,  and  it  is  produced 
when  any  of  Uie  other  oxides  are  heated 

Plumbic  oxide  is  a  yellowish  powder,  known  commercially  as 
wiassicai^  which,  when  melted  and  resolidified,  is  obtained  as  a 
crystalline  mass,  known  as  litharge.  Plumbic  oxide  is  very  slightly 
sokible  in  water,  i  part  dissolving  in  7000  parts  of  water :  this 
solution  is  alkaline,  and  on  exposure  to  the  air  absorbs  carbon 
dioodde^  forming  an  insoluble  basic  carbonate.  Plumbic  oxide  is 
dissolved  by  acids,  with  formation  of  the  salts  of  lead ;  it  also 
dissolves  in  warm  potassium,  or  sodium  hydroxide. 

This  oxide  forms  two  hydrated  compounds,  having  the  com- 
pontion  2PbO,H,0  and  3PbO,H20.  The  former  is  obtained  as  a 
white  precipitate  when  ammonia  is  added  to  a  solution  of  lead 
acetate;  the  second,  by  the  action  of  ammonia  on  basic  lead 
acetate  at  2$*. 

Lead  Sesquioxide,  Pb^Os,  is  obtained  as  an  orange-coloured 
Iffedpitate  by  adding  sodium  hypochlorite  to  a  solution  of  plumbic 
oodde  in  potassium  hydroxide.  Heat  decomposes  it  into  oxygen 
and  plumbic  oxide.  Acids  convert  it  into  the  monoxide  and 
dioxide^  the  former  dissolving  and  yielding  a  salt  of  lead.  This 
oxide  may  be  regarded  as  a  compound  of  two  oxides,  PbOjPbO]. 

Trlplumble  TetFOXide  ir^d  Uady  mimum\  Pb,04,  is  obtained 
when  lead  carbonate,  or  monoxide,  is  subjected  to  prolonged 
heating  in  contact  with  air,  at  a  temperature  not  above  45o^  At 
higher  temperatures  it  again  gives  up  oxygen.  It  is  a  scarlet 
crystalline  powder,  varying  somewhat  in  colour,  according  to  its 
mode  of  preparation.  Dilute  acids  convert  it  into  PbO^  and 
SPbO,  the  latter  oxide  dissolving  to  yield  lead  salts.  With  strong 
hydrochloric  add  and  sulphuric  add,  the  molecule  of  lead  dioxide 
is  acted  upon  with  evolution  of  chlorine  and  oxygen  respectively — 

Pb,04  -I-  8HC1  =  4H,0  +  3PbCl,  +  CI^ 
Pb,04  +  3H,S04  -  3H,0  +  aPbSO^  +  O. 

Red  lead*  is  employed  as  a  pigment,  and  also  in  the  manu- 
focture  of  flint  glass. 

*  Commerdml  red  lead  varies  «onsiderabdy  in  composition,  and  although  it 
has  been  shown  that  a  definite  compound  exists,  of  the  composition  Pb^04 
(whidi  may  also  be  expressed  by  the  formula  2PbO,PbOi),  it  is  still  uncer- 
tain whether  there  are  not  other  cqn^MU^ds  .con^ting  of  theye  tw<Q  .oxides 
jtmitcd  in  ^(ifferent  j»t>poiiMQD4L 
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Pllimlite  PraozidA  {kad  dimMi\  PliO»  may  be  obtained  by 
tbe  actkm  of  dilute  mtfk  add*  upon  led  kad— 

Pb^O^Cor  PbO^SPbO)  -1- 4HN0^  -  PbO^  4-  SPb(NOb)b  ^  SH^ 

Or  it  may  be  piepaied  by  tibe  actioii  of  ondiaii^  agents  i^kmi 
themonoadde.  Tbos,  wben  diteine  is  passed  difoogh  an  anoitiiie 
sohttiop, in ndadi tftemonoadde  is  sMpended, or whenblsachiag* 
powder  is  added  to  a  solntioii  of  lead  acetate^  the  dioxide  is 
produced. 

Tbe  daik  brown  dqioait  i^iicli  fonns  upon  tbe  pontive  dectrode 
wben  a  solution  of  a  lead  salts  dectrolyiedi  also  consists  of  tbe 
diodde. 

Plumbic  peroxide  is  a  brown  or  pnce-coloorod  powder  It  is  a 
powerful  oxidising  substance,  and  wben  gently  rubbed  witb  flowers 
of  sulphur  in  a  warm  mortar  the  mass  suddenly  inflames.  When 
a  stream  of  sulphur  dioxide  is  passed  over  the  peroxide  in  a  tube, 
the  two  compounds  unite  to  form  lead  sulphate,  the  mass  becom- 
ing incandescent  Nitric  acid  is  without  action  upon  it,  but 
hydrochloric  and  sulphuric  acids  act  upon  it  in  the  same  manner 
as  upon  red  lead.  When  strongly  heated,  the  peroxide  gives  up 
oxygen,  and  is  converted  into  the  monoxide. 

When  plumbic  peroxide  is  boiled  with  strong  aqueous  potassium 
hydroxide  it  dissolves,  and  the  solution  deposits  crystals  of  potas- 
sium plumbate,  KsPbOsySH^O.  This  compound  corresponds  with 
potassium  stannate,  K2SnOs,3H20,  and  its  existence  shows  that 
lead  possesses,  although  to  a  very  feeble  extent,  the  acidic  properties 
exhibited  by  the  other  members  of  the  same  family  of  elements. 

Plumbie  Chloride  (Jeeui  dichloride\  PbCl,,  is  obtained  as  a 
white  curdy  precipitate,  when  hydrochloric  acid,  or  a  soluble 
chloride,  is  added  to  a  solution  of  a  lead  salt  It  is  also  produced 
by  the  action  of  boiling  hydrochloric  acid  upon  lead  in  tbe  pre- 
sence of  air.  It  is  best  prepared  by  dissolving  lead  oxide  or 
carbonate  in  hot  hydrochloric  acid,  when  the  lead  diloride  sepa- 
rates out  on  cooling,  in  long  white,  lustrous,  needle-shaped  crystals 
belonging  to  the  rhombic  system.  Lead  chloride  is  soluble  in 
boiling  water  to  the  extent  of  about  4  parts  in  100  parts  of  water. 
On  cooling  the  solution,  the  greater  part  of  the  salt  separates  out, 
and  at  0°  the  liquid  contains  0.8  parts  in  solution.  The  presence 
of  hydrochloric  acid  and  soluble  chlorides,  diminishes  the  solu- 
bility of  lead  chloride. 
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When  heated  in  contact  with  air,  it  is  converted  into  an  oxy- 
cfaloride,  of  the  composition  PbgOCls,  or  PbCl2,PbO,  corresponding 
with  the  natural  compound  matlockite.  This  compound,  in  the 
hydrated  condition,  Pb20ClsiH20,  is  prepared  on  a  large  scale  by 
the  addition  of  lime-water  to  a  solution  of  lead  chloride,  and  is 
employed  as  a  white  pigment,  known  as  Pattinsor^s  white  lead, 

Cassei  yellow  is  an  oxychloride  of  lead  of  the  composition 
PbC1^7PbO,  obtained  by  heating  lead  oxide  and  ammonium 
chloride. 

Load  Tetraehloride  {lead perchlartde\  PbClf. — When  plumbic 
peroxide  is  dissolved  in  cold  concentrated  hydrochloric  acid,  a 
yellow  liquid  is  obtained,  which,  on  warming,  yields  chlorine, 
with  precipitation  of  lead  dichloride.  This  liquid  contains  the 
tetrachloride  of  lead  in  solution. 

When  lead  dichloride  is  suspended  in  hydrochloric  acid,  and 
dilorine  is  passed  through  the  mixture,  a  solution  of  lead  tetra- 
chloride is  obtained  ;  and  on  the  addition  of  ammonium  chloride, 
ammoniom  plumbic  chloride,  PbCl4,2NH4Cl  (corresponding  to 
ammonium  stannic  chloride),  separates  out  When  this  compound 
is  acted  upon  with  strong  sulphuric  acid,  in  the  cold,  lead  tetra- 
chloride separates  out  as  a  yellow  oily  liquid. 

Lead  tetrachloride  is  a  yellow,  highly-refracting,  fuming  liquid, 
idiich  decomposes  in  contact  with  moisture  into  lead  dichloride 
and  chloride.  It  may  be  preserved  beneath  concentrated  sul- 
phuric acid.  With  small  quantities  of  water,  it  forms  a  hydrated 
compound,  but  excess  of  water  decomposes  it  into  hydrochloric 
acid  and  lead  peroxide — 

PbCl4  +  2HjO  =  PbOj  +  4HC1. 

When  heated  with  strong  sulphuric  acid  to  about  los"",  it  suddenly 
decomposes  with  explosion. 

Lead  Nitrate,  Pb(N03}2,  is  obtained  by  dissolving  litharge  in 
nitric  acid.  The  salt  is  deposited  from  the  solution  in  the  form  of 
regular  octahedral  crystals.  It  is  soluble  in  water  to  the  extent  of 
50  parts  in  100  parts  of  water,  at  the  ordinary  temperature.  When 
heated,  it  evolves  nitrogen  peroxide  and  oxygen,  leaving  plumbic 
oxide  (page  217). 

On  boiling  an  aqueous  solution  of  lead  nitrate  with  lead  oxide, 
the  latter  dissolves,  and  the  solution  on  cooling,  deposits  crystals 
of  a  basic  nitrate,  Pb(NO,)HO  or  Pb(N03)j,PbO,H,0.  By  the 
addition  of  ammonia  to  a  solution  of  lead  nitrate,  other  basic 
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nittato  Are  obtained,  which  may  be  regarded  u  coaiistin;  of 
compmnda  of  Pb(MCVHO  with  PbO,  or  of  Pb<NO,),  with  PbO 
and  H,0  in  vatying  proportiotu. 

Lead  Carbonate^  PbCO^  i>  obtained  as  a  white  crystalline 
powder,  by  the  addition  of  ammonium  aeaquicarbonate  to  a  soln- 
tion  of  lead  nitrate.  It  occmn  in  the  form  of  traotparent  rhombic 
crystal*  in  the  tmnenl  anutilt,  isomorphous  with  arragonite.  Lead 
carbonate  is  alntut  iuolnble  in  water,  but  is  ^ipredably  dissolved 
in  water  charged  with  carbon  dioxide.  When  sodium  or  potassium 
carbonate  is  added  to  a  solution  of  lead  utrate,  basic  carbonates 
of  lead  are  predpitaied,  varying  in  compositian  with  the  conditioos 
of  temperature.  The  most  important  of  the  basic  carbonates  is 
wAUt  Itad,  SPbCO^PbCHO),.  Tlus  qompoumd  is  manufactured 
on  a  large  scale  by  several  processes,  Ibr  use  as  a  pigment.  The 
oldest  process,  and  that  which 
yields  the  best  product,  is 
known  as  the  Dutch  wutkod. 
It  depends  upon  the  action 
of  acetic  add  upon  metallic 
lead,  in  the  presence  of  moist 
air  and  carbon  dioxide.  The 
,  lead,  cast  into  rough  gratings 
'  in  order  to  expose  a  large 
surface,  is  placed  in  earthen- 
ware pots,  as  shown  in  Fig. 
FiO.  MS-  145.  Asmallquantityofdilute 

acetic  acid  (in  the  old  Dutch 
process,  vintgar)  is  placed  in  the  pots,  and  the  gratings  of  lead, 
which  rest  upon  the  shoulder  of  the  pot,  are  piled  one  upon  the 
other.  These  pots  are  then  placed  upon  a  thick  bed  of  spent  tan- 
bark  (in  the  original  method,  dung),  upon  the  floor  of  a  shed,  and 
covered  with  planks.  Upon  these  another  layer  of  tan-bark  is 
spread,  and  a  second  row  of  pots  similarly  charged.  In  this 
manner  the  layers  of  pots  are  built  up  to  the  roof  of  the  ihed,  and 
the  whole  allowed  to  remain  for  about  three  months.  Such  a  stack 
will  contain  many  tons  of  leaxi,  and  about  65  gallons  of  dilute  acetic 
acid  to  the  ton  of  metaL  The  acid  is  gradually  vaporised  by  the 
heat  developed  by  the  fermenting  tan-bark,  which  results  first  in 
the  fonnation  of  a  basic  lead  acetate — 

8H(C,H,Ot)  +  3Pb  +  O,  -  Pb(C,H.O^Pb(HO)^ 


tcale  by  several  process 
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This  basic  acetate  is  then  acted  upon  by  the  carbon  dioxide 
evolved  during  the  fennentation,  with  the  production  of  a  mixture 
of  normal  lead  acetate,  and  basic  lead  carbonate,  thus — 

${Pb(C,H/)a)s.Pb(HO)a}  +2CO,=8Pb(C,H,0,), +2PbC0„Pb(H0),  +  2HA 

And  the  lead  acetate,  in  the  presence  of  air  and  moisture,  reacts 
upon  a  further  portion  of  the  metal,  regenerating  the  basic  acetate, 
iHiich  is  once  more  decomposed  by  carbon  dioxide — 

Pb(C,H,0^  +  Pb  +  O  +  H,0  -  2{Pb(C,H,0^Pb(H0y. 

In  this  cyde  of  reactions,  therefore,  the  acetic  acid  acts  as  a 
cuTier,  a  comparatively  small  quantity  being  able  to  convert  an 
indefinite  amount  of  lead  into  white  lead. 

White  lead  is  also  prepared  by  passing  carbon  dioxide  into  a 
solution  of  the  basic  acetate,  obtained  by  boiling  plumbic  oxide 
(litharge)  with  lead  acetate.  The  product,  however,  is  not  so 
opaque  as  that  obtained  by  the  former  method,  and  is  therefore 
not  so  valuable  as  a  pigment  (This  method  is  known  as  the 
G&leAf ,  or  Th^iard's  process.) 

MiUut^s  process  consists  in  grinding  together  litharge,  sodium 
chloride^  and  water,  whereby  a  mixture  of  an  oxychloride  of  lead 
and  so^um  hydroxide  is  formed — 

4PbO  +  SNaCl  +  6H,0  «  PbCl„3PbO,4H20  +  2NaH0, 

and  then  passing  carix>n  dioxide  into  the  mixture,  which  converts 
it  into  white  lead  9xA  sodium  chloride,  thus — 


8[Pba»8PbO,4H,0]  +  eNaHO  +  SCO,  -  BNaQ  + 
4[2PbCO,,Pb(HO)J  +  11H,0. 

Wlute  lead  is  a  heavy,  amorphous  powder,  whose  value  as  a 
pigment,  or  body  colour,  depends  upon  its  opacity  and  density. 
Although  this  compound  labours  under  the  disadvantages  of  being 
extremely  poisonous,  and  of  becoming  blackened  by  sulphuretted 
hydrogen^  no  substitute  for  it  has  yet  been  found  which  possesses 
the  same  ''body''  or  covering  power. 

Lead  Sulphate,  PbSO^. — The  mineral  anglesite^  PbSOf,  occurs 
in  the  form  of  rhombic  crystals,  isomorphous  with  strontium  and 
barium  sulphates.  Lead  sulphate  is  obtained  as  a  white  powder, 
by  predpitatiog  a  lead  salt  with  sulphuric  acid,  or  a  soluble 
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sulphate.  It  is  soluble  in  water  only  to  an  extremely  slight  extent, 
and  still  less  in  dilute  sulphuric  add,  but  strong  sulphuric  add 
dissolves  it  readily.  It  also  dissolves  in  potassium  hydroxide,  and 
in  many  ammoniacal  salts,  notably  the  acetate,  and  in  sodium 
thiosulphate. 

An  add  sulphate,  of  the  composition  PbSOifHsSO^HsO  is 
obtained  by  boiling  the  normal  sulphate  with  sulphuric  add ;  and 
a  basic  sulphate,  PbS04,PbO,  is  formed  by  the  action  of  anmionia 
upon  the  nonnal  salt 

Lead  Sulphide,  PbS.— The  natural  sulphide,  galena^  is  found 
in  the  form  of  cubical  crystals,  possessing  very  mudi  the  colour 
and  the  metallic  lustre  of  freshly  cut  lead.  It  is  artificially  formed 
when  lead  is  heated  in  sulphur  vapour,  or  when  sulphuretted 
hydrogen  is  passed  through  a  solution  of  a  lead  salt 

When  heated  m  vacuo,  or  in  a  stream  of  an  inert  gas,  lead 
sulphide  melts,  and  sublimes  in  the  form  of  small  cubes.*  When 
heated  with  free  access  of  air  it  is  converted  into  lead  sulphate. 

Boiling  dilute  nitric  acid  converts  lead  sulphide  into  the  nitrate, 
with  separation  of  sulphur  ;  but  strong  nitric  add  oxidises  it  into 
lead  sulphate.  It  is  decomposed  by  hot  concentrated  hydrochloric 
acid,  with  evolution  of  sulphuretted  hydrogen. 

When  sulphuretted  hydrogen  is  passed  into  a  solution  of  lead 
chloride,  the  precipitate  which  fonns  is  first  ydlow,  then  reddish- 
brown,  and  finally  black ;  the  ydlow  and  red  predpitates  are  com- 
pounds of  lead  chloride  and  lead  sulphide,  termed  sulphochlorides, 
having  the  composition,  PbS,PbCl2,  and  3PbS,PbCls. 

The  compounds  of  lead  are  powerful  poisons,  and  when  con- 
tinuously taken  into  the  system  in  small  quantities,  they  act  as 
cumulative  poisons.  Painters  and  others  who  constantly  handle 
white  lead,  are  liable  to  suffer  from  chronic  lead  poisoning. 

*  From  the  readiness  with  which  lead  sulphide  volatilises  when  heated  in 
a  stream  of  sulphur  dioxide,  Hannay  concludes  {Proc,  Chem,  Soc.^  May  1894), 
that  the  two  substances  unite  to  form  a  volatile  compound,  PbS,SOs,  ^ 
PbSjOs,  which  when  its  temperature  falls,  again  breaks  up  into  lead  sulphide 
and  sulphur  dioxide.  When  sulphur  dioxide  is  generated  in  intimate  contact 
with  galena,  as  when  a  stream  of  air  is  passed  through  the  molten  substance, 
it  is  observed  that  one  half  of  the  lead  is  reduced,  and  one  half  volatilises  with 
the  gas,  according  to  the  equation  2PbS  +  Of  =  Pb  +  PbS,SO|.  No  definite 
proof,  however,  has  yet  been  adduced  as  to  the  existence  of  this  volatile 
compound. 
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ELEMENTS  OP  GROUP  V.  {PAMILY  A.) 

yamadium,  V  b  5x.z  ;  NicHum,  Nb  =  93.7  ;  Tantalum,  Ta  s  z8a. 

Thb  three  rare  metals  comprising  this  family  are  closely  related  to  each 
other,  and  also  to  the  elements  of  fiunily  B  of  the  same  group,  namely,  the 
nitrogen  and  phosphorus  series. 

Vanadhmi  occurs  in  a  few  rare  minerals,  as  vanadiie,  8Pbs(V04)s,PbClf 
(the  Tanadium  analogue  of  pyromorphite) ;  pucMerite,  BiV04;  mottramite, 
(PbCaMV04)t.2(PbCu)(HO)t.  Small  quantities  also  occur  in  certain  iron 
oras,  the  Tanadium  ultimately  finding  its  way  into  the  Bessemer  slag,  in 
which  it  has  been  found  concentrated  to  the  extent  of  1.5  per  cent. 

Metallic  Tanadium  ¥ras  first  isolated  by  Roscoe  (1867),  although  its  existence 
was  pfevioosly  discovered  by  Del  Rio  (z8oi).  The  metal  is  extremely  difficult 
to  obtain,  as  at  a  red  heat  it  combines  with  oxygen  with  great  readiness, 
yidding  the  pentozide  VjO^,  and  also  with  nitrogen,  forming  the  nitride  VN. 
The  dement  is  prepared  by  heating  the  dichloride  in  a  stream  of  perfectly 
pore  faydronn^ 

vat  +  H,=2Ha  +  v. 

Vanadium  is  unacted  upon  by  air  at  ordinary  temperatures,  but  when 
heated  boms  brilliantly  to  the  pentoxide. 

Niofaiom  and  tantalum  are  found  associated  together  in  the  rare  mineral 
JamtaNie  or  coluimHte,  The  first  to  be  discovered  was  tantalum  (Hatchett, 
i8oz),  and  was  originally  named  columHum ;  and  the  name  niobium  (from 
Niobe,  the  daughter  of  Tantalus)  was  given  to  the  allied  element,  by  Rose 
(1846).  Niobium  is  obtained  by  heating  the  trichloride,  NbQj,  in  a  stream 
of  hydit^en. 

Vanadium  forms  five  oxides,  corresponding  to  the  oxides  of  nitrogen, 
wfafle  three  oxides  of  niobium  and  two  of  tantalum  are  known :— 


Vfi 


VA(or  VO)  ;  V,0,  ;  V,04(or  VO,)  ;  V^.. 
NbO        ;     —     ;        NbO,         ;  NbjO.. 
—  ;     —     ;        TaO,         ;  TajO.. 


The  pcntoxides  are  obtained  when  the  metals  are  burned  in  air  or  oxygen. 
Tliej  giv«  rise  respectively  to  vanadates,  niobates,  and  tantalates,  correspond 
log  to  nitralet  and  metaphosphates,  thus — 

Sodium  nitrate,  NaNOj.  Sodium  metaniobate,  NaNbOf. 

Sodiom  metaphosphate,  NaPOj.      Sodium  metatantalate,  NaTaO^. 

Sodium  metavmnadate,  NaVOf. 

6oy 
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Vanadtam  formi  ttsme  cUoridM,  lUTinf  the  conpodtlon— 

VCl,(orV,ClJ;  Va,(orViCU;  VCV 

NiotNum  BiTct  a  tricbloride,  NbCV  ud  pentMUoride,  NbCI«,  irtiOa  o^ 
ibe  pcDUchloride  itf  tanulum  ii  known,  TnO,, 

Vanadium  iMnu  a  niUDber  of  compoundi  with  oijgen  and  cUoriaB.  Tbm, 
wben  Tanadium  Wtradiloride  il  acted  upon  bf  water,  It  jielda  bjpcnFanadia 
chloride,  VfiJ^,  which  dUtolTei  in  the  water,  stobtg  a  bine  tohuion. 

Vanadium  oijcUoride,  or  vanadyl  trichloride,  VOQ),  corropoadi  to  pbM- 
phonis  oxTchkiride,  POG|.  From  lanadyl  tricUoride,  b^  treatment  wllb 
line,  vanadrl  didiloride  ii  obtained,  VC>CI|,  and  b;  the  action  erf  hjdmniu  at 
a  high  temperature  upon  Ibii,  both  vanadrl  moooehkride,VOCl.  and  divanadtl- 
"-'(le,V*Cv:i,  are  farmed. 
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CHBOMIUM. 

Symbol,  Cr.     Molecular  weight  ^  52. 

{Urrenee. — Chromium  does  not  occur  in  nature  in  the  un- 

ined  state.      In  combination   with  oxygen  and  associated 

Ton,  it  is  met  with  in  considerable  quantities  in  the  mineral 

le  iron  ore^  or  chrdmite^  CrjOs,FeO.    This  ore  is  the  chief 

5  of  chromium  compounds.     Other  natural  compounds  are 

site^  PbCr04,  and  chrome-ochre^  Cr^Os.     Traces  of  chromium 

resent  in  various  minerals,  such  as  the  emerald  and  green 

Qtine,  and  impart  to  them  their  green  colour. 

des  of  FOFmatiOlL — Although  chromium  compounds  are 

fectured  for  industrial  purposes,  the  element  itself  has  re- 

1  no  technical  application. 

vas  obtained  by  W6hler,  by  the  reduction  of  fused  chromium 

de  with  metallic  zinc,  beneath  a  layer  of  fused  sodium  and 

sium  chlorides.     The  regulus,  or  alloy  of  zinc  and  chromium, 

hen  treated  with  dilute  nitric  acid,  whereby  the  zinc  was 

ved,  and  the  chromium  was  obtained  in  the  form  of  a 

er.     Chromium  may  also  be  obtained  as  bright  metallic 

^  by  the  electrolysis  of  a  solution  of  chromous  chloride 

ining  chromic  oxide.     The  metal  may  be  prepared  by  the 

tion  of  the  oxide,  CrjOs,  by  means  of  carbon,  at  a  high 

irature  ;  or  by  heating  the  oxide  with  metallic  aluminium. 

iperties. — Chromium  is  a  hard,  steel-grey  metal,  which  is 

cidised  in  dry  air.     When  heated  in  the  oxyhydrogen  flame 

OS  brilliantly.     It  dissolves  in  hydrochloric  acid  with  evolu- 

f  hydrogen.    The  metal  is  not  magnetic    The  presence  of 

609  a  Q 
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nunute  quantities  of  duomlum  in  steel,  imparts  to  tbe  latter  great 
hardnew  and  tenadty. 

OzldM  of  Chnnnllim.— Two  ondes  of  ciumuiHn  are  definitely 
known,  namdy — 

Chromium  sesqnionde(cilnnM&ar£ifr)        .       .    CrjO^ 
Chitmiium  triojiide  (trfrvmnMi  oHkyAid^   .        .    CrCV 


The  fint  is  a  basic,  and  the  fcOHid  an  acidic  cnide. 
these  two  compouads,  a  hydiated  oxide,  dnived  from  dte  unknown 
dirainoni  oiidc^  also  enstt,  hanng  tbe  compontion  CiO.H^,  <» 
Ct<HOV  ItiaobtainedaiayeSowidiprediritatebyadduigpotaa- 
ntun  hydnndde  to  a  stdution  <tf  duotniam  didiloiide  (duratnoiu 
dihrnde),  with  the  exdunon  of  au.  It  nqudly  absoilis  oxygen, 
tnnung  daA  brown.  When  heated  out  of  contact  with  air  it  is 
converted  into  the  sesquloxide,  with  evolution  of  hydrogen— 

2CrO,H|0  -  Cr,0,  +  H,0  +  H^ 

Olher  compounds  or  cbromium  and  oxygen  are  described,  whose  compost- 
tloD,  however,  is  not  deSnitely  eslablisbol ;  thus,  Ihe  product  obtained  u  k 
IsDwn  powder,  either  b;  the  partial  leductioo  of  the  tiioxide,  or  the  oxidalioa 
of  tbe  raqaiaiide,  is  regarded  by  lome  cbemiilsu  cbromhim  dioxide,  CrO^ 
uid  by  othen  u  chromium  chromale,  Cr)Oj,CiO,.  Il  ii  readily  obtained  by 
passing  nitric  oxide  into  a  solution  of  potassium  dichiomate. 

Chromium  Suqolozide,  Cr,0„  is  obtuned  as  a  grey-green 
powder,  when  either  the  hydroxide,  or  the  trioxide,  or  ammonium 
dichromate  is  ignited  (see  page  206). 

When  the  vapour  of  chromyl  dichloride,  CrOiCl^  is  passed 
through  a  red-bat  tube,  chromic  oxide  is  deposited  in  the  fonn  of 
dark-green  hexagonal  crystals.  Chromic  oxide  which  has  been 
strongly  ignited,  is  nearly  soluble  in  acids.  It  is  used  under  the 
name  of  chrome  gran  as  a  pigment,  and  for  giving  a  green  colour 
to  glass. 

ChPOmiC  Hydroxides. — Chromic  oxide  yields  a  number  of 
hydrated  compounds.  When  ammonia  is  added  to  a  solution  of 
chromic  chloride,  or  other  chromic  salt,  fr«e  from  alkali,  a  light- 
blue  compound  is  precipitated,  which,  when  dried  over  sulphuric 
acid,  has  the  composition  Cr,(H0),4H,0  (or  Cr,0fc7H,0).  When 
this  is  dried  in  vacuo,  it  loses  3H,0,  and  becomes  Cr^HO}«H,0 
(or  CrtO|,4H,0) ;  and  on  being  heated  at  100",  it  again  pans  with 
3H,0,  and  has  the  composition  Cxfi^Yifi. 
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When  potassium  dichromate  and  boric  acid  are  heated  to  dull 
redness,  and  the  mass  treated  with  water,  a  rich  green  residue  is 
obtained,  having  the  composition  Crfi^^Hfi,  This  compound, 
known  as  Guignefs  green^  is  employed  as  a  pigment 

The  first  two  of  these  compounds,  which  may  be  looked  upon  as 
consisting  of  the  hydroxide  Crs(HO)0  in  a  hydrated  condition, 
namely,  Crs(HO)^4HsO  and  Cr|(HO)o,H20,  are  readily  soluble  in 
adds,  yielding  the  chromic  salts. 

ChromllUIl  TriOXide  {chromic  anhydride),  CrOj. — When  strong 
sulphuric  add  is  added  to  a  cold  saturated  solution  of  potassium 
dichromate,  the  trioxide  separates  out  in  long,  red,  needle-shaped 
crystals — 

KjCrA  +  H,S04  =  K,S04  +  HjO  +  2CrO,. 

The  liquid  is  decanted  from  the  crystals,  which  are  drained 
upon  porous  tiles,  and  the  adhering  sulphuric  acid  and  potassium 
sulphate  washed  away  by  strong  nitric  acid.  The  crystals  are 
finally  heated  upon  a  sand-bath,  whereby  the  nitric  acid  is 
evaporated 

C%zomium  trioxide  dissolves  in  water  to  the  extent  of  62  parts 
in  100  parts  of  water  at  26*.  It  melts  at  a  temperature  about  192*. 
At  250*  it  b^ns  to  give  off  oxygen,  and  is  ultimately  converted 
into  the  sesquioxide — 

2Cr08  =  CrjO,  +  30. 

Chromium  trioxide  is  a  powerful  oxidising  agent,  and  in  contact 
with  most  organic  substances  it  is  reduced.  In  the  preparation 
of  the  compound,  therefore,  the  liquid  cannot  be  filtered  through 
psqper  in  the  usual  way.  Warm  alcohol  dropped  upon  the  trioxide 
at  once  takes  fire,  while  in  a  more  diluted  condition  it  is  oxidised 
to  acetic  acid ;  and  the  reduction  of  the  chromium  sesquioxide  is 
made  evident  by  the  change  of  colour  of  the  liquid,  from  red  or 
yellow,  to  olive  green. 

Gaseous  ammonia  reduces  the  trioxide  to  the  sesquioxide,  with 
fonnatkm  of  water  and  nitrogen — 

2NHj  -»-  aCrOs  -  Cr,Oj  +  N,  +  SHjO, 

the  reaction  being  accompanied  with  the  evolution  of  so  much  heat 
that  the  chromic  oxide  produced  becomes  incandescent. 
When   hydrogen    peroxide    is  added  to  a  dilute  solution  of 
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chrominm  trioxide,  or  to  a  dilate  Kdntion  of  potaMRun  <tichroiiwte, 
acidified  with  sulphuric  add,  a  de^  indigo-blne  aolution  is  ob- 
twnecL  This  tdne  compound  ia  bdteved  to  be  ^trckremie  add, 
but  its  compositiott  has  not  been  definitely  ettabKsbed.  It  may  be 
ngaidied  as  a  compmrnd  of  chroniiam  tiioxide,  CrO^  with  brdragen 
pennidc^  H^O^  in  tmdetanniaad  pnqioitioiii. 

In  aqueous  sohition,  die  bine  colour  qaicUr  disappears,  oxygen 
bong  eliminated.  The  cxnnpound  is  iolaUe  in  edier ;  and;  there* 
fore,  when  the  aqueous  solution  is  shaken  up  with  that  liquid,  a 
deep  blue  ethereal  solution, rises  to  the  top.  In  thu  solntioo  the 
ooaqioond  is  more  stable,  but  iriien  ev^torated  it  evolves  oxygen, 
leaving  duomium  trioxide.  It  b  deccnnposed  by  aUcaliea^  fbnniog 
alkaline  diromates,  with  evolution  of  oxygen.  Tlw  fonnation  of 
this  compound  coostimteB  a  delicate  test  fbr  dther  chranium 
trioxide  or  hydrogen  peroxide  (see  Hydrogen  Peroxide,  page  303). 

OlmnilOiu  Componiias.— These  coircspond  10  chrooious  hydrate,  Cr(HO)|, 
In  which  the  chromium  functions  u  a  dlvKlenl  etement.  Comparatively  few 
of  these  salts  are  known. 

OhzomDiu' Chloride,  CrOf,  is  formed  when  the  metal  dissolves  in  hydro- 
chloric add.  It  is  prepned  in  the  aikhj'drDas  state  by  gently  heating  chromic 
chloride  in  a  current  of  pmr  hTdrogen.  It  is  a  white  crystalline  compound, 
soluble  in  water  to  a  blue  solution,  which  rapidly  absorbs  oxygen. 

Otuomoos  Bulph&te,  CrSOt,7HjO,  is  obtained  by  dissolving  chromoos 
acetate  in  dilute  sulphuric  acid.  It  is  deposited  from  the  solution  in  blue 
crystals,  isomorphous  with  fenoul  mlphate.  FcS0i,7H„0. 

Chromic  Compounds. -~-These  are  derived  from  chromic  oxide, 
the  oxide  acting  as  a  base. 

ChFOmlQ  Chloride,  CrCl^,  or  Cr,CI„  is  prepared  by  strongly 
heating  a  mixture  of  chromic  oxide,  CrtO^  and  carbon,  in  a  stream 
of  dry  chlorine.  The  chromic  chloride  sublimes  in  the  foim  of 
scales,  having  a  reddish-pink  colour.  The  molecular  weight  of 
chromic  chloride  is  ijS.^  showing  that  in  the  vaporous  state  its 
molecules  have  the  formula  CrCl^ 

It  is  nearly  insoluble  in  water,  but  readily  dissolves  in  water 
containing  minute  traces  of  chromous  chloride,  forming  a  gfreen 
solution.  The  same  solution  is  obtained  by  dissolving  hydrated 
chromic  hydroxide,  Cr^HO)fc4H,0,  in  hydrochloric  add,  and  if 
this  solution  be  slowly  evaporated,  very  soluble  green  crystals 
separate  out  having  the  composition  CrtCl^lSHjO.  If  strongly 
heated  in  the  air,  this  compound  gives  off  water  and  hydrochloric 
add,  leaving  chromic  oxide,  CrjOi ;  but  when  heated  to  350*,  in 
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either  gaseous  hydrochloric  acid  or  chlorine,  it  is  converted  into 
the  pink  anhydrous  chromic  chloride,  which  redissolves  in  water 
to  the  green  solution.  If  heated  strongly  and  sublimed,  the  com- 
pound obtained  is  nearly  insoluble  in  water. 

Chromie  Sulphate,  Qx4^0^^^  is  obtained  by  dissolving  chro- 
mium hydroxide  in  concentrated  sulphuric  acid,  when  a  gpreen 
solution  is  formed,  which  on  standing  changes  to  blue,  and  slowly 
deposits  violet-blue  crystals.  The  salt  may  be  purified  by  dis- 
solving in  cold  water  and  precipitating  with  alcohol.  If  insufficient 
alcohol  be  added  to  cause  inunediate  precipitation,  the  salt  slowly 
deposits  from  the  dilute  spirit  in  blue  octahedrons,  belonging  to 
the  regular  system. 

A  cold  aqueous  solution,  which  has  a  violet  colour,  becomes 
green  when  boiled. 

Chromic  sulphate  forms  double  salts  with  the  sulphates  of  the 
alkalies,  which  belong  to  the  alums. 

Potassium  Chromium  Alum  {chrome  alum\  K2S04,Cr2(S04)3, 
MHgO. — This  double  sulphate  is  formed  when  solutions  of  potas- 
sium and  chromium  sulphates  are  mixed  together  in  molecular 
proportions.  It  is  most  conveniently  prepared,  by  the  addition  of 
the  requisite  amount  of  sulphuric  acid  to  an  aqueous  solution  of 
potassium  dichromate,  and  reducing  the  chromic  oxide  by  passing 
sulphur  dioxide  through  the  liquid — 

(i)    KjCrjOy  +  H2SO4  =  2Cr03  +  H^O  +  K2SO4. 
(2)        2Cr08  +  3SO2    =  Cr2(S04)3. 

The  resulting  solution,  containing  the  two  sulphates  in  mole- 
cular proportions,  deposits  crystals  of  the  double  sulphate,  in  the 
form  of  dark  plum-coloured  octahedrons  (Fig.  140,  B,  p.  573), 
which  appear  red  by  transmitted  light. 

Chrome  alum  dissolves  in  water,  yielding  a  plum-coloured  solu- 
tion, which  on  boiling  turns  green,  but  on  long  standing  returns  to 
its  original  colour. 

Sodium  chromium  alum  is  more  soluble,  and  ammonium  chro- 
mium alum  is  less  soluble,  than  the  potassium  salt. 

dironiltas. — Chromic  oxide  acts  also  as  a  weak  base,  and  combines  with 
other  oxides,  forming  compounds  resembling  the  aluminates.  When  potas- 
sium hydroxide  is  added  to  a  solution  of  a  chromic  salt,  the  green  hydrated 
oxide  which  is  precipitated  contains  alkali  which  cannot  be  removed  by  hot 
water ;  this  is  present  in  the  form  of  potassium  chromite.     The  best  known 
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—When  diromium  trioxide  is  dissolved  in  water, : 
the  solution  is  believed  to  contain  chromic  acid,  HjCrO^  ;  when 
the  solution  is  evaporated,  however,  (he  triojtide  alone  is  left.  (Ked 
crystals  have  been  obtained,  by  cooling  a  hot  saturated  solution  of 
the  trioxide,  which  have  been  regarded  as  the  acid.) 

Potassium  Cbromate.  KjCrO,,  is  prepared  by  adding  potas- 
sium hydroxide  to  a  solution  cjf  the  dichromate — 

K^CrjO;  +  2KHO  =  2K,CrOj  ^  HjO. 

On  evaporation,  the  yellira)  chromatt  a/ potash  separates  out,  ii 
rhombic  crystals,  isomorphous  with  potassium  sulphate.  It  i: 
soluI>le  in  water  at  the  ordinary  temperature  to  the  extent  of  60 
parts  in  too  parts  of  water,  forming  a  yellow  solution  having  an 
alkaline  reaction. 

Potassium  Dlebromato,  K,Cr,OT,  is  manufactured  from  chrome 
iron  ore  by  roasting  the  finely  crushed  ore  with  potassium  car- 
bonate and  lime  in  a  reverberalory  fiimace ;  the  mass  being 
frequently  laked  over  to  expose  fresh  portions  to  the  oxidisbg 
action  of  the  flames.  In  this  way  a  mixture  of  calcium  and  potas- 
sium chromates  is  produced — 

2CrA.FeO+3K,CO,+CaO+70  =  CaCr04+8K,CrO<+FeA+8CO». 

The  yellow  mass,  when  cold,  is  broken  up  and  lixiviated  with  a 
hot  solution  of  potassium  sulphate,  which  by  double  decomposition 
with  the  calcium  cbromate,  forms  potassium  chromate  and  precipi- 
tates calcium  sulphate.  The  solution  after  settling,  is  treated  with 
the  requisite  quantity  of  sulphuric  acid  to  convert  the  chromate 
into  the  dichromate,  thus — 

2K,CrO,  +  H^O,  =  K,SO,  +  H^O  +  K,Cr/V 

The  dichromate  being  much  less  soluble  than  the  normal  diro- 
mate,  a  large  proportion  of  it  at  once  deposits  as  the  sdudi»  cools ; 
and  the  mother  liquor  containing  potassium  sulphate  is  used  again 
to  lixiviate  a  fresh  quantity  of  the  roasted  mixture. 

Potassium  dichromate  forms  large  red  prisms  or  tables,  belong- 
ing to  the  asymmetric  (tridinic)  system.     It  is  soluble  in  water  at 
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die  ordinary  temperature  to  the  extent  of  10  parts  in  100  parts  of 
water,  yielding  an  acid  solution,  which  is  extremely  poisonous. 
When  a  film  of  gelatine  is  impregnated  with  potassium  dichromate 
and  exposed  to  light,  a  reduction  of  the  chromium  to  chromic 
oxide  takes  place,  and  at  the  same  time  the  gelatine  is  rendered 
insoluble.    This  property  is  utilised  in  photographic  processes.* 

PoUasiom  dichromate  is  also  known  under  the  misnomer  bichromate  of 
poiask,  whidi  would  suggest  that  the  salt  was  in  reality  hydrogen  potassium 
chroinate,  corresponding  to  bisulphate  of  potash,  HKSO4.  Such  a  chromium 
compound  does  not  exist.  The  dichromates  correspond  to  the  disulphates  (or 
pyrosulphates),  see  page  396. 

Potuiliim  Mobromate,  KaCr^io  (or  KaCr04,2Cr03),  and  Potassium 
\,  KsCr40u  (or  KsCr04,3Cr03),  are  also  known. 


Lead  Cliromate,  PbCr04,  is  found  as  the  mineral  crocoisite. 
It  is  produced  by  precipitation  from  a  lead  salt,  with  either 
potassium  chromate  or  dichromate.  It  forms  a  bright  yellow 
powder,  known  as  chrome-yellow^  and  is  employed  as  a  pigment 
It  melts  without  decomposition,  and  resolidifies  on  cooling  to  a 
brown  crystalline  solid.  At  higher  temperatures  it  gives  off 
oxygen,  and  is  converted  into  chromic  oxide  and  a  basic  lead 
chromate.  When  heated  with  organic  compounds,  the  latter  are 
completely  oxidised ;  lead  chromate  is  therefore  employed  in 
organic  analyses. 

When  lead  chromate  is  digested  with  sodium  hydroxide,  or  with 
normal  potassium  chromate,  a  basic  lead  .chromate  is  obtained 
as  a  rich  red  powder — 

2PbCr04  +  2NaH0  =  NagCrO*  +  HjO  +  PbaCrOg. 

This  compound  is  known  as  chrome-recL 

Chromyl  Chloride,  CrOjClj.— This  compound  is  prepared  by 
distilling  a  mixture  of  potassium  dichromate  and  sodium  chloride 
with  strong  sulphuric  add.  Chromyl  chloride  is  a  deep  red,  mobile, 
strongly  fuming  liquid.  It  is  decomposed  by  water  into  hydro- 
chloric add  and  chromium  trioxide,  and  acts  as  a  powerful 
oxidising  substance.  When  dropped  upon  phosphorus  it  explodes. 
When  heated  in  sealed  tubes  it  is  converted  into  trichromyl 
chloride  with  loss  of  chlorine,  {JZxO^iJZX^ 

Chromyl  chloride  may  be  regarded  as  being  derived  from 
chromic  acid,  CrOg(HO)2  {unkrwwn\  by  the  complete  substitution 

•  Abney,  "Treatise  on  Photography." 


6t6  /tiorgttiiie  Ckemisity 

of  (HO)  by  (^  The  iiKennediMe  compound,  dJoio-dtroauc  add 
CiO|(H0)Cl  \»  also  onknown,  aldiong^h  iu  aalta  havo  been  {xe- 
pared ;  thus,  by  tbe  fende  action  of  hydrodiloric  add  t^on 
potassinm  dichromate,  poUvium  dilonxhriMnate  is  obtained  as 
a  red  cryitaliine  salt— 

K^rA  +  SHQ  -  SCrO^KO)a  +  H^. 

1, 110*95.9  :  Ttan^rta,  W  B 184  ;  Unntam,  U  ■>  ■39,8. 


TvHptni  ii  found  cfatoflr  in  neffram,  8F«WO,,SMnW04  (occming  In 
lbs  Cofidih  tin  minet})  men  xwij  —  tetmUmili,  PhWO*.  and  —jfri— 

Uranium  occurs  as  an  oxide,  UOj,SUOt,  in  pUcAitaidi  {■  coniiderablG 
quBDtity  of  wbich,  usocialed  with  other  uranium  compounds,  has  recently 
been  discovered  ai  St  Slepbeos,  Cornwall). 

MolybdcDum  is  obtained  by  the  action  of  hrdrosen  upon  tbe  heated  oxide 
or  chloride ;  uranium,  bjr  tbe  action  of  sodium  upon  the  chloride ;  while 
tungsten  bas  been  obtained  by  both  methods.  Id  their  specific  gnnlies, 
tungnen  and  uranium  exhibit  a  marked  diSerence  firom  chromium  and 
molybdenum  ;  tbus,  Ci,  sp.  gr.  =  6 ;  Mo,  ip.  gi.  =  EI.6 1  while  W,  sp.  gr.  = 
T9.1;  U,  sp.  gr.  =  18.7. 

Molybdenum  and  uranium  farm  a  large  number  of  oxides,  some  of  which 
are  regarded  as  definite  oxides,  while  othos  are  looked  upon  as  combinations 
of  two  oxides.  Only  two  oxides  of  tungsten  are  luiown.  The  composition  of 
Ibese  compounds  is  as  follows — 

MoO  —  — 

Mo,0,  ~~ 

MoO,  WO, 

MoOj  WO, 


UOj. 


U,0,=  U0,.2U0^ 


The  tn'oxide  of  escb  metal  Is  an  add  oxide  :  uranium  tiioiide,  howevn 
both  acidic  and  basic  Tbej  are  insoluble  in  water,  but  by  the  actior 
alkalies  they  yield  molybdates,  tungstates.  aad  uianates.  Molybdales  1 
lungstates,  derived  from  the  adds  H,MoO,.2H,a,  and  H,WOt,2H^  (do 
spending  to  chromic  add},  are  known.    And  all  tbrce  oxides  yield  salts 


Molybdenum^  Tungsten,  Uranium 


617 


mofecole  of  the  normal  salt  (see  Chromates,  page  6x5).    And  in  the  case  of 
tungsten,  the  compound,  metatungstic  acid,  H2W40i3,7H]0,  is  known. 

Uianimn  dioxide  and  triozide  are  both  basic  oxides,  the  former  yielding  the 
mwtaiWr  uranous  salts,  such  as  uranous  sulphate,  U(S04)s;  and  the  latter 
prododng  the  uranyl  salts,  of  which  the  sulphate  (U0s)S04  and  (U03)(N0s)i, 
are  well  known. 

Uranium  prrozide,  UO4,  is  an  add  oxide,  which  yitlds  per-uranates. 

Both  molybdic  and  tungstic  adds  form  complex  compounds  with  phos- 
phoric add,  known  as  phospho-molybdic  and  phospho-tungstic  adds :  thus, 
when  a  nitric  add  solution  of  ammonium  molybdate  (NH4)3Mo04,  is  added 
0  excess  to  a  sohition  of  orthophosphoric  add,  or  an  orthophosphate.  a 
canary  yellow  crystalline  predpitate  of  ammonium  phospho-molybdate 
S(Nl4)sP04*22MoC)„12H^  is  obtamed  (see  page  437).  It  is  soluble  in 
sHralian  and  in  excess  of  phosphoric  acid,  but  insoluble  in  dilute  mineral  acids. 
When  this  compound  is  dissolved  in  aqua-regia^  the  solution  deposits  yellow 
systals  of  phospho-molybdic  add,  2H3P04,22MoO,. 

Compoonds  with  chlorine  baring  the  following  composition  are  known — 


MoCl, 

WCI2 

— 

MoCl,  or  Mo,Cle 

— 

— 

Moa4 

WCI4 

UC14. 

MoClj 

WCI5 

UClft. 

— 

WC1« 

— 

CHAPxrp  xn 

GROUP  M!LV  A.) 

IE. 

S^bol.  Mn.     Molicula    weight  =  5^8. 

Ooeurpenee,— This  element  is  never  found  in  nature  in  the  free 
state.  It  is  widely  distributed  in  combination  with  oxygen,  as 
^yrohisite,  MnO, ;  braunUe,  MnjOj ;  and  kausmoJimU,  MiijO,. 
Also  as  a  hydrated  oxide  in  manfranite,  MdjOs.HjO.  It  is  met 
with  also  as  carbonate  in  maitganest  ipar,  MnCO,  ;  and  as  sul- 
phide in  manganese  blende,  MnS. 

Modes  of  Formation. ^Manganese  may  be  obtained  by  the 
reduction  of  tlie  oxide  by  means  of  carbon,  at  a  very  high 
temperature.  The  product,  however,  contains  carbon.  In  a 
purer  state  it  may  be  prepared  by  the  reduction  of  fused  an- 
hydrous manganous  chloride,  by  means  of  metallic  magnesium, 
or  by  reducing  the  oxide  with  aluminium  at  a  high  temperature. 

Properties.— Manganese  is  a  hard,  sieel-grey,  brittle  metal 
It  rapidly  oxidise?  on  exposure  to  moist  air,  and  is  readily  dis- 
solved by  dilute  sulphuric  or  hydiocJtioric  acid,  with  evohuiaa  <^ 
hydrogen. 

Oxides  of  Manganese^— The  (bur  most  important  of  these 
are— 

Manganous  oxide  {maHgatuu  monoxide  MnO. 

Red  manganese  oxide  {hausmatmite)  iAnfi^ 

Manganic  oxide  [matigantse  sesq'tiioxide)   .  MnjO). 

Manganese  dioxide  {fiyrolunie) ....  MnOr 

The  monoxide  and  sesquioxide  are  basic,  giving  rise  to  man- 
ganous and  manganic  salts  respectively.  The  oxide,  MnjOi,  is 
also  basic,  but  yields  with  acids  both  manganous  and  manganic 
salts.    Manganeses  dioxide,  or  peroxide,  MnO^  gives  manganous 
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salts,  with  elimination  of  available  oxygen.     It  also  combines  with 
certain  more  basic  oxides,  forming  unstable  compounds  known  as 


Manganese  trioxide,  MnOg,  and  hept-oxide,  Mn^O^,  have  also 
been  obtained.  They  are  both  acid  oxides,  giving  rise  respec- 
tively to  the  tnangcmcUes  and  permanganates, 

Hanganous  Oxide,  MnO,  is  obtained  by  heating  any  of  the 
higher  oxides  in  a  stream  of  hydrogen  ;  or  by  igniting  a  mixture  of 
manganous  chloride,  sodium  carbonate,  and  ammonium  chloride. 
It  is  a  light  green  powder,  which,  if  prepared  at  a  low  tempera- 
tore,  oxidises  in  the  air.  When  perfectly  air-free  solutions  of 
potassium  hydroxide  and  a  manganous  salt  are  mixed,  with  exclu- 
sion of  air,  hydrated  manganous  oxide,  or  manganous  hydroxide, 
Mn(HO)s,  is  obtained  as  a  white  precipitate,  which  rapidly  oxidises 
on  exposure  to  air. 

Red  Manganese  Oxide  {fnangano-manganic  oxide\  Mn304,  is 
the  most  stable  of  the  oxides  of  manganese,  being  formed  when 
both  the  higher  or  lower  oxides  are  strongly  heated.  Thus,  in  the 
preparation  of  oxygen  by  heating  the  dioxide,  this  compound 
remains  (page  162).  With  cold  sulphuric  acid,  it  yields  a  mix- 
ture of  manganous  and  manganic  sulphates  ;  but  when  heated  with 
dilute  acid,  manganous  sulphate  and  dioxide  are  formed— 

Mns04  4-  2H,S04  =  2MnS04  +  MnO,  +  2H,0. 

■anganie  Oxide  (manganese  sesquioxide\  Mn^Og,  occurs  native 
9Abrttumte^zxidi  in  the  hydrated  condition  as  manganite^  Mn203,H20. 
The  hydrated  oxide  is  formed  by  the  spontaneous  oxidation  of 
manganous  hydroxide,  and  when  gently  heated  it  yields  the  oxide. 
Both  the  oxide  and  the  hydrate,  on  treatment  with  warm  nitric 
acid,  yield  manganous  nitrate  and  manganese  dioxide. 

Manganese  Dioxide,  MnOg,  is  the  most  important  of  the  man- 
ganese ores.  It  may  be  obtained  by  the  cautious  ignition  of 
manganous  nitrate — 

Mn(N03)s  =  Ns04  4-  MnO,. 

Manganese  dioxide  is  a  hard  black  solid,  which  conducts  electri- 
city, and  is  strongly  electro-negative  to  metals.  On  this  account 
it  is  employed  in  certain  forms  of  voltaic  battery.  When  heated 
it  loses  oxygen,  and  forms  first  the  sesquioxide,  and  finally  MugOf. 
Manganese  dioxide  dissolves  in  cold  concentrated  hydrochloric 
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add,  fonning  a  dark  brown  solution,  which  is  believed  to  contain 
die  OOmpOOnd  Mn,Clg.  On  warming,  il  evolves  chlorine,  and 
leaves  manganous  chloride,  MnCl^ 

IbllSaillMB.^ Manganese  dioxide  combines  with  certain  me- 
uflic  oxidea,  forming  unstable  compound  oxides.  Thus  with  time 
it  fonta  CaO,MnOj :  CaO,-2MnOB  and  CaO,5MnO»  These  com- 
poandB  are  produced  in  tlie  Wddan  recovery  process  (page  321^ 


BIANOANOUB  SALTS. 
a  Chloride,  MnCl^  is  Ihe  only  chloride  of  ihis  metal 
,  tbat  has  been  isolated.  It  is  obtained  by  dissolving  any  of  the 
oxides,  or  the  carbonate,  in  hydrochloric  acid  ;  and  on  evaporation, 
is  deponted  as  pink  crystals  of  MnC!,,4H,0.  The  anhydrous 
salt  is  prepared  by  heating  the  crystals  in  a  stream  of  bydiD- 
chloric  acid.  Manganese  chloride  forms  double  salts,  with  chlo- 
rides of  [he  alkalies,  the  ammonium  salt  MnCI*2NH4Cl,H,0  being 
the  best  known. 

HanpanoUB  Sulphate,  MnSO«  is  prepared  by  strongly  heating  ' 
a  pasty  mixture  of  the  dioxide  and  strong  sulphuric  acid.  The 
iron  present  i^  thereby  converted  into  ferric  oxide,  and  on  treat-  - 
ing  die  calcined  mass  widi  water,  manganous  sulphate  dissolves. 
The  solution  on  evaporation,  deposits,  at  ordinary  tempteratures, 
large  pink  crystals  of  MnSO,,GH)0  (isomorphous  with  copper 
sulphate).  Below  6*  rhombic  crystals  are  formed  (also  pink)  of  the 
composition  MnSO^jTHjO  (isomorphous  with  ferrous  sulphate). 

When  these  salts  are  heated  to  aoo',  or  when  their  solutions  are 
boiled,  the  anhydrous  salt  is  formed.  With  sulphates  of  the 
alkalies,  manganous  sulphate  forms  double  salts,  as  potassium 
manganous  sulphate,  K]SOt,MnSOt,6HtO  \  and  with  aluminium 
sulphate  it  yields  ^  pseudo-alum  (see  page  574),  MnSO^AIt(SO|)n 
S4H,0. 

KAJTOAinC  SALTS. 

■anffaolc  Chloride  is  obtained  as  a  dark  brawn  solution 
when  the  dioxide  is  dissolved  in  cold  hydrochloric  acid.  It  has 
never  been  isolated,  and  is  believed  to  have  the  compo»tion 
Mn,CV 

■anganlc  Snlpbate,  Mni(SO,)„  is  obtained  as  a  green  deU- 
quescent  powder,  by  the  action  of  sulphuric  acid  upon  tbe  pre- 
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dpitated  peroxide.  On  exposure  to  the  air,  the  deliquesced  mass 
becomes  muddy,  by  the  precipitation  of  hydrated  manganic  oxide, 
thus — 

Mn|(S04)i  +  4HaO  -  3H8SO4  +  MnP3,H,0. 

On  the  addition  of  potassium  sulphate  to  a  solution  of  manganic 
sulphate  in  dilute  sulphuric  add,  potassium  manganese  alum  is 
obtained,  KsS04,Mn^S04)3,24HsO,  which  deposits  in  violet  regular 
octahedra.  In  the  presence  of  much  water  the  salt  is  decomposed, 
and  deposits  the  hydrated  manganic  oxide. 

MANQANATES. 

These  salts  are  derived  from  the  hypothetical  manganic  acid, 
H]Mn04.  '^c  oxide  corresponding  to  this  acid  is  known,  viz., 
MnOy.  It  is  an  unstable  compound,  obtained  as  a  reddish  amor- 
phous mass,  by  adding  a  solution  of  potassium  permanganate  in 
sulphuric  acid  to  dry  sodium  carbonate. 

Themanganates  of  the  alkalies  are  obtained  by  fusing  manganese 
dioxide  with  potassium  or  sodium  hydroxide.  If  air  be  excluded, 
the  following  reaction  takes  place — 

SMnO,  +  2KH0  =  K,Mn04  +  MnjOs  +  H^O. 

In  the  presence  of  air  or  oxygen,  or  by  the  addition  of  potassium 
nitrate  or  chlorate,  more  of  the  manganese  is  converted  into  man- 
ganate.  The  fused  mass  has  a  dark  green  colour,  and  dissolves  in 
a  small  quantity  of  cold  water  to  a  deep  green  solution,  which  is 
only  stable  in  the  presence  of  free  alkali. 

When  a  solution  of  potassium  manganate  is  largely  diluted,  or 
gendy  warmed,  it  changes  from  green  to  pink,  owing  to  the  con- 
version of  the  manganate  into  permanganate,  thus — 

8KsMn04  4-  2H2O  =  2KMn04  +  MnO^  +  4KHO. 

The  same  change  takes  place  when  carbon  dioxide  is  passed 
through  the  solution. 

PEBMANGANATBB. 

These  salts  are  derived  from  permanganic  acid,  HMn04.  When 
potassium  permanganate  is  cautiously  .idded  to  cold  strong  sul- 
phuric add,  green  oily  drops  of  the  unstable  manganese  heptoxide 
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(liT  permanganic  anhydride)  are  obtained,  Mn,0,.  This  compound 
dissolves  in  a  small  quaniity  of  water  to  a  purple  solution,  which 
contains  the  unsiable  acid  MnsO„H,0,  or  H,Mn,Os  =  SHMnO,. 
The  solution  evolves  oxygen  and  deposits  manganese  dioxide. 

Potassium  Permanganate,  KMnO,,  is  the  most  important  salt 
□f  this  class.  Il  is  prepared  b/  fusing  the  dioxide  with  potassium 
hydroxide  and  poiassium  chlorate,  dissolving  the  manganate  so 
obtained  in  water,  and  passing  carbon  dioxide  through  the  solu- 
tion. The  liltered  solution,  on  evaporation,  deposits  dark  purple 
rhombic  prisms,  which  appear  deep  red  by  Cransmined  iight. 
Potassium  permanganate  is  isomorphous  with  potassium  per- 
chlorate,  KCIO, :  it  dissolves  Jn  water,  farming  a  rich  purple 
solution.  When  boiled  with  strong  caustic  alkalies  it  loses  oxygen  I 
and  forma  the  green  potassium  manganate —  I 

£KMnO,  +  iKHO  -  2K,M:tl04  +  H,0  f  O. 

It  readily  gives  up  oxygen  to  oxidisablc  arid  organic  compounds, 
and  on  this  account  is  used  both  as  a  laboratory  oxidising  agent, 
and  as  a  disinfectant.  The  crude  sodium  salt  is  largely  employed, 
under  the  name  of  Condys  Dinnfecting  Flvid,  for  this  purpose. 
When  solid  potassium  permanganate  is  heated  to  240°  it  evolves 
oxygen,  and  forms  potassium  manganate  and  manganese  dioxide — 

SKMnO,  =  KjMnO,  +  MaO,  +  O^ 


CHAPTER  XIII 

THE  TRANSITIONAL  ELEMENTS  OP  THE  FIRST 

LONG  PERIOD 

Inn,  Pe  b  55.88.        Cobalt,  Co  =  58.6.        Nickel.  Nt  =  58.6. 

Thbsb  three  elements  belonging  to  Group  VIII.  (see  classifica- 
tioDy  page  102)  stand  in  a  different  relation  to  each  other  than  the 
members  of  the  other  seven  groups. 

Iron,  cobalt,  and  nickel  belong  to  the  same  period^  heing  the 
transitional  elements  idling  between  the  first  and  second  series  of 
the  first  long  period.  They  are  related,  on  the  one  hand,  through 
iron,  to  the  preceding  metals  manganese  and  chromium  {see  such 
campatinds  asferratesy  manganateSy  chromates) :  while,  on  the  other 
hand,  through  nickel,  they  approach  the  metal  copper,  which  is 
die  next  following  in  the  period. 

Iron,  cobalt,  and  nickel  are  closely  related  elements  ;  in  nature 
they  are  usually  assodated  together.  They  are  all  attracted  by 
the  magnet,  and  are  nearly  white,  hard,  and  difficultly  fusible 
metals.  In  their  chemical  habits,  however,  they  exhibit  a  gradual 
transition  in  their  properties.  Thus,  iron  forms  two  basic  oxides, 
yidding  two  series  of  stable  salts,  v\z,y  ferrous  zxA  ferric.  Cobalt 
also  has  two  basic  oxides,  but  the  basicity  of  the  sesquioxide  is 
very  feeble,  and  cobalt/V  salts  (except  double  salts)  are  unstable, 
and  are  only  known  in  solution.  Nickel  only  forms  one  basic 
Qzidey  and  yields  only  one  series  of  salts  corresponding  to  the 
ierrons  salts :  the  sesquioxide  of  nickel  behaving  with  acids  as  a 
peroxide. 

mOH. 

Sjrmbol,  Fe.    Molecular  weight  =  55.88. 

Oeeurrenee. — Iron  is  one  of  the  most  abundant  and  widely 
distributed  elements.  It  occurs  in  the  uncombined  state  in  small 
particles  disseminated  through  certain  basalts,  and  also  in  meteoric 
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[ton  is  ,'ilici  found  in  cinuiim;iuun  \iiili  =iilphiir,  ,■ 
KcS^,.  and  with  iron  and  co|)|n.-r  in  t^iiptr  pyrilu!.  I 

Hodes  of  Formation.— Iron  is  readily  reduced 
pounds.  Thus,  if  feme  oxide,  or  oxalate,  be  gent) 
stream  of  hydrogen,  the  metal  is  obtained  as  a 
which  spontaneously  oxidises  with  incandescence 
into  the  air.  On  the  industrial  scale  the  reduction 
means  of  coke  and  limestone.  The  ore  is  first  cak 
water  and  carbon  dioxide  are  expelled,  and  any  sul; 
are  oxidised,  with  the  expulsion  of  sulphur  dioxide^ 
cess  also,  the  ore  is  rendered  more  porous.  The  ( 
then  smelted  in  a  bias t-fii mace,  with  limestone  and  i 
shows  in  section  a  modem  blast-fijmace.  The  char 
at  the  top  by  means  of  the  cup  and  cone  arrangemen 
the  furnace,  and  a  powerful  hot-blast  is  forced  thi 
placed  round  the  base  of  the  furnace.  The  furnace  gi 
by  the  side  pipe  at  the  top,  and  are  utilised  for  heat! 

The  chemical  reactions  which  take  place  in  a  bla 
many  and  complex,  and  difTer  in  difTerent  parts  o: 
In  the  main,  the  following  are  the  changes  which 
atmospheric  oxygen  of  the  hot-blast,  on  coming  it 
the  carbon,  forms  carbon  monoxide  (at  the  higti 
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■lone  IS  converted  into  carbon  dioxide  and  lime.  The  reduced 
•poogry  metal,  as  it  passes  down  through  the  hotter  regions  of  the 
fiimacc,  begins  to  take  up  carbon.    It  is  probable  that  carbon 


monoxide  first  combines  with  the  reduced  iron  forming  iron 
oubonyl  (see  page  246),  which  at  a  higher  temperature  is  decom* 
posed,  with  the  precipitation  of  finely  divided  caibon  within  the 
pores  of  the  mass.    More  and  more  carbon  is  taken  up  by  the  iron 
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as  it  descends,  until  it  passes  from  a  pasty  condition  to  a  state  of 
complete  fusion,  when  it  collects  upon  the  bottom,  or  hearth,  of  the 
fiimace.  In  passing  through  the  hottest  regions,  the  hme  combines 
with  the  siliceous  materials  original!)'  present  in  the  ore,  to  form  a 
fusible  slag,  Iwneath  which  the  molten  iron  collects.  Other  re- 
actions which  go  on  in  various  regions  of  the  furnace,  are  the  reduc- 
tion of  sulphur  compounds,  and  of  phosphates  and  silicates,  with 
the  absorption  into  the  iron  of  a  certain  amount  of  sulphur,  phos- 
phorus, and  silicon.  The  precise  nature  of  the  changes  siiffcrEd 
Xvj  the  ga^es  in  the  various  regions  of  the  furnace,  is  stiii  obscure. 
The  cyanogen  formed  by  the  direct  union  of  atmospheric  nitrogen 
with  caAon,  and  aln  the  hydiDcaihona  preaent,  doubtless  undergo 
R  chemical  change  in  contact  irith  the  heated  iroa,  and  probaUy 
aid  in  its  cartwrisation.  The  molten  iron  is  drawn  off  at  ioteivab 
from  a  tap-hole  into  moulds,  and  is  known  as  out  trim  or  pig  irwh 
The  slag  as  it  accumulates,  overflows  in  a  regular  stream  through 
an  opening  known  as  the  slag  hole.  When  such  a  furnace  is  in  fiill 
blast,  fresh  charges  of  materials  are  introduced  at  regular  intervals, 
and  the  process  continues  uninterruptedly  for  years.  The  metal 
obtained  from  the  blast-furnace  is  far  from  pure  iron,  but  contains 
varying  quantities  of  carbon,  silicon,  phosphorus,  sulphur,  and 


The  carbon  may  be  present  Rther  in  combination  with  iron  as 
a  carbide,  or  distributed  throughout  the  metal  as  fine  particles  of 
graphite,  or  in  both  of  these  forms.  White  cast  iron  contains  its 
carbon  in  the  combined  form,  while  grqr  cast  iron  owes  it  grey 
colour  to  the  presence  of  minute  crystals  of  graphite  disseminated 
throughout  the  metal.  When  grey  cast  iron  is  dissolved  in  hydro- 
chloric acid,  the  graphite  remains  behind  as  a  black  powder ;  but 
on  similarly  treating  iron  containing  combined  carboK,  the  carbon 
unites  with  the  hydrogen,  forming  various  hydrocarbons,  which 
impart  to  the  escaping  gas  a  characteristic  and  unpleasant  smelL 
Avenge  cast  iron  contains  from  90  to  95  per  cent,  of  iron,  and  3  to 
S  per  cent,  of  carbon.  Spiegel  is  a  variety  of  white  cast  iron  con- 
taining 3.5  to  6  per  cent,  of  carbon,  and  from  5  to  20  per  cent,  of 
manganese.  With  more  than  30  per  cent,  of  manganese,  the 
metal  is  t&rtneA  ferro-inoHganese. 

Purification. —The  properties  of  iron  are  greatly  modified  by 
the  presence  of  various  impurities,  especially  carbon,  and  for 
differeni  purposes  for  which  iron  is  used,  metal  of  different  d^rees 
of  purity  is  required.    The  purest  form  of  ordinary  commercial 
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iron  is  known  as  wrought  iron^  while  steel  is  intermediate  between 
this  and  cast  iron. 

The  process  by  which  cast  iron  is  converted  into  wrought  iron, 
is  termed  puddling;  and  the  method  is  called  either  dry  puddling 
or  pig'boilingy  depending  upon  whether  the  cast  iron  is  subjected 
to  a  preliminary  refining  or  not  The  chemical  reactions  in  both 
cases  are  the  same,  and  consist  in  the  oxidation  of  the  impurities  ; 
the  carbon  being  expelled  as  carbon  dioxide,  while  the  oxides  of 
silicon,  phosphorus,  and  manganese  pass  into  the  slag.  The 
method  kA pig-boiling  is  almost  exclusively  adopted. 

The  cast  iron  is  melted  in  a  reverberatory  furnace,  the  working 
bottom  of  which,  as  well  as  the  lining  (or  fettling)^  consists  of  a 
layer  of  ferric  oxide.  The  decarburisation  of  the  iron  is  mainly 
effected  by  means  of  the  oxide  of  iron  derived  from  the  fettling  ; 
and  for  some  time  the  molten  mass  appears  to  boil,  owing  to  the 
escape  of  carbon  monoxide.  As  the  impurities  are  oxidised  and 
removed,  the  mass  becomes  pasty  (owing  to  the  fact  that  the 
melting-point  of  pure  iron  is  much  higher  than  that  of  cast  iron), 
and  is  then  worked  up  into  lumps,  or  blootns^  which  are  ultimately 
removed  and  placed  under  a  steam  hammer,  whereby  admixed  slag 
is  squeezed  out,  and  the  metal  is  welded  into  a  solid  mass. 

Wrought  iron  contains  from  0.06  to  o.  1 5  per  cent  of  carbon. 

Steel  may  be  produced  either  from  wrought  iron,  by  adding 
carbon,  or  from  cast  iron  by  removing  that  impurity.  Formerly 
steel  was  exclusively  obtained  by  the  first  method,  by  what  is 
known  as  the  cementation  process.  This  simply  consists  in  heating 
the  bars  of  iron,  buried  in  broken  charcoal,  for  several  days  to  a  red 
heat  The  precise  nature  of  the  chemical  change  which  results  in 
the  carburisation  of  the  iron,  is  not  definitely  established.  In  all 
probability,  the  carbon  is  conveyed  into  the  body  of  the  metal 
(which  is  not  even  heated  to  the  softening  point)  by  the  intervention 
of  iron  carbonyl ;  the  carbon  monoxide  being  formed  by  the  union 
of  the  carbon  with  the  air  retained  within  the  layer  of  charcoal. 
At  the  conclusion  of  the  operation,  the  iron  presents  a  blistered 
appearance,  and  on  this  account  is  termed  blister-steeL 

At  the  present  time,  steel  is  mostly  produced  by  the  Bessemer 
process^  which  consists  in  oxidising  the  impurities  present  in  cast 
iron,  by  blowing  through  the  molten  metal  a  blast  of  air.  This 
operation  is  performed  in  a  large  pear-shaped  vessel,  known  as  a 
converter^  which  is  mounted  on  trunnions,  and  through  the  bottom 
of  which  a  powerful  air  blast  can  be  admitted.     The  converter  is 
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d  into  a  horizontal  position,  and  a  quantity  of  molten  cast  iron 

la  iiin  in.     The  air  blast  is  tlien  started  and  the  converter  immedi- 

swung  back  into  a  vertical  position.     In  the  course  of  a  vcr;' 

time  the  whole  of  the  impurities  are  burnt  away,  and  the 

5  at  which  the  operation  is  complete  is  sharply  marked,  by  the 

_en  disappearance  of  the  tlame  from  the  open  mouth  of  the 

.uvertcr.     The  converter  is  once  more  swun;;  into  a  horizontal 

laition,  and  the  blast  is  stopped.     The  exact  quantity  of  molten 

jiegel  is  then  added,  to  supply  the  carbon  required  to  convert  the 

re  charge  into  steel,  and  the  blast  is  turned  on  for  a  few 

lents  in  order  to  Ihoroughty  mix  the  malcriaJs,  after  which  the 

ents  arc  poured  out  into  the  casting  ladle. 

le  comparative  purity  of  the  three  forms  of  iron  will  be  seen 

the  three  following  typical  examples  ;— 

Cut  Inio.  Sicd.  WiDOthl  Inn. 


Catbon    . 

.    3-81 

a6s 

0.1a 

Silicon     . 

1.6S 

tto7 

ao5 

Phosphorus 

a  70 

0.03 

0.1S 

Sulphur  . 

.    0.60 

0.02 

0.0s 

Manganese 

0.41 

0.40 

0.07 

7.20 

1.17 

0.42 

Iron 

92.80 

)8.83 

99S8 

PropeFtles.— Pure  iron  is  a  white  lustrous  metal,  capable  of 
taking  a  high  polish.  Its  specific  gravity  is  7.84  to  ^.139.  It  is 
more  difficultly  fusible  and  more  malleable  than  wrought  iron,  but 
at  a  red  heat  it  becomes  soft  and  can  be  welded.  The  physical 
properties  usually  associated  with  iron,  are  in  reality  those  of 
iron  containing  varying  amounts  of  impurities :  thus,  pure  iron 
when  rendered  magnetic,  qiuckly  loses  this  property,  whereas 
steel  retains  its  magnetism  at  ordinary  temperatures,  losing  it, 
however,  when  heated.  Pure  iron,  when  heated  and  suddenly 
cooled,  does  not  take  a  lemptr,  while  steel  when  so  treated  be- 
comes extremely  hard  and  brittle. 

Iron  is  unacted  upon  by  dry  ur,  at  ordinary  temperatures, 
hut  in  moist  air,  especially  in  die  presence  of  carbon  dioxide,  it 
becomes  coated  with  rust,  and  the  process  which  is  slow  to  begin, 
proceeds  rapidly  when  a  film  of  oxide  has  been  once  fbnned.  Iron 
decomposes  water  readily  at  a  red  heat ;  in  the  finely  divided 
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state,  the  metal  decomposes  water  at  Ioo^  Dilute  hydrochloric  and 
sulphuric  acids  rapidly  dissolve  iron  with  evolution  of  hydrogen. 
Dilute  nitric  add  dissolves  it,  forming  ferrous  nitrate  and  am- 
monium nitrate ;  with  stronger  nitric  acid,  ferric  nitrate  and  oxides 
of  nitrogen  are  formed. 

Concentrated  nitric  acid  (specific  gravity  1.45)  is  without  solvent 
action  upon  iron.  A  strip  of  iron  which  has  been  immersed  in 
such  strong  add,  is  unacted  upon  when  afterwards  dipped  into 
the  more  dilute  add,  and  is  also  incapable  of  precipitating  metallic 
copper  from  a  solution  of  copper  sulphate.  Iron  in  this  condition 
is  said  to  be  passive.  Other  oxidising  agents,  as  chromic  acid,  or 
hydrogen  peroxide,  are  capable  of  bringing  about  the  same  result 
It  is  believed  that  this  condition  is  due  to  the  formation  of  a  film 
of  the  oxide  FcgOi  upon  the  surface. 

Finely  divided  iron  takes  fire  spontaneously  in  chlorine ;  and 
when  gently  warmed  in  sulphur  dioxide  it  combines  with  that  gas 
with  incandescence.  It  absorbs  carbon  monoxide  with  formation 
of  iron  carbonyl,  Fe(C0)5.  When  heated  in  ammonia  it  forms  a 
nitride,  FgN,. 

Oxides  of  Iron. — Three  oxides  of  iron  are  known,  namely  : — 

Ferrous  oxide  {iron  tnonoxide)      .  FeO. 

Ferric  oxide  i^iron  sesquioxide)  Fe^Oj. 

Fcrroso-ferric  oxide  {magnetic  oxide)         Y^fi^^  or  FejOjjFeO. 

The  two  first  are  basic  oxides,  giving  rise  respectively  to  ferrous 
and  ferric  salts  :  the  third  yields  both  ferrous  and  ferric  salts. 

Ferric  oxide  combines  with  certain  more  basic  oxides,  form- 
ing compounds  analogous  to  Fe20s,FeO ;  such  as  Fej03,CaO, 
Fe^OiZnO.    These  are  known  2^/erriUs. 

Ferrous  Oxide  {protoxide  ofiron\  FeO,  is  formed  as  an  inter- 
mediate product  during  the  reduction  of  ferric  oxide  by  hydrogen, 
or  carbon  monoxide  ;  but  it  is  difficult  to  obtain  it  free  from  either 
the  higher  oxide,  or  the  metal.  It  is  also  formed  when  ferrous 
oxalate  is  heated  out  of  contact  with  air.  It  is  a  black  powder, 
which  oxidises  in  the  air,  and  which  dissolves  in  acids  yielding 
ferrous  salts. 

Ferrous  Hydroxide,  Fe(H0)2,  or  FeO,HsO,  is  obtained  as  a 
white  precipitate,  when  potassium  hydroxide  is  added  to  a  solution 
of  a  ferrous  salt  with  entire  exclusion  of  air.  In  the  presence  of 
air  it  is  green.  It  readily  absorbs  oxygen  and  passes  into  ferric 
oxide. 
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Ferric  Oxide  {st^piioxide  •'/  iron),  FcjOj,  occurs  in  brillianl 
black  crystals  belangmg  1o  the  hexagonal  system,  in  spgcuiar 
iron  ore.  It  is  obtained  a.s  a  red  amorpbous  powder  by  heating 
hydiated  ferric  oxide,  ferrous  sulphate,  or  ferrous  carbonate.  In 
a  crysiailine  condition  it  may  be  produced  by  carefully  beating  a 
mixture  of  ferrous  sulphate  and  common  salt,  or  by  heating  the 
amoqihous  oxide  in  gaseous  hydrochloric  add.  The  natural  com- 
pound, and  also  the  artilicial  substance  afler  strong  ignition,  is 
only  slowly  dissolved  by  acids.  Ferric  oxide  is  extremely  hygro- 
scopic When  strongly  heated  it  is  partially  converted  into  FcjO,. 
The  amorphous  substance,  obtained  by  distilling  ferrous  sulphate 
for  the  manufacture  of  Nordhausen  sulphuric  acid,  is  employed 
as  a  red  pigment,  and  a  polishing  powder,  under  the  name  of 

Ferric  Hydroxide,  o 
Fc,0i,3H,0.— When  an 
of  ferric  chloride,  and  the  voluminous  brown  precipitate  is  dried 
at  a  moderate  temperature,  it  has  the  composition  Fc,0^3H,0. 
On  exposure  to  various  temperatures,  or  by  precipitation  under 
various  conditions,  hydrated  oxides  of  the  composition  FctOj, 
SH,0  ;  Fe,Oj,H,0,  and  others,  have  been  obtained ;  and  several 
of  these  compounds  occur  in  nature.  Ordinary  rust  of  iron  has  the 
composition  2Fe,Oj,3H,0,  or  Fe,Oj,Fe,(HO)^ 

The  Tconohydrale  Fe,0].H^  has  been  abtainnl  as  a  soluble  modi fical ion. 
b;  heating  an  acetic  acid  solution  of  piecipilaled  fqnnc  hydroxide  id  ioo°  in 
ACftled  vessels.  On  the  addition  of  sulphuric  add,  a  Ijrown  prKi^ntate  is 
otitaincd,  having  the  composition  Fe,0|,H,0,  which  is  insoluble  ia  acids, 
but  soluble  in  walei.  The  solution  gives  no  reaction  with  potassium  feiro- 
cyanide.  Another  soluble  hydroxide  is  produced  by  dissolving  the  ordinary 
predpilaled  hydroxide  in  fenic  chloride,  and  subjecting  the  solulioD  lo 
dialysis.  This  solution  is  employed  in  medicine  under  the  mune  of  diafysed 
iron. 

FeiTOso-ferrie  Oxide,  FesOi,  occurs  native  as  vutgnetite  and 
magnetic  oxidt  of  iron;  the  magnetic  variety  being  known  also 
as  loadstone.  When  iron  is  heated  in  the  air,  the  black  film 
which  forms  (the  so-called  iron-scale,  or  hammfr-:caU)  consists  of 
the  oxide  FejO,,  with  more  or  less  ferric  oxide,  FejOj,  upon  the 
outer  surface.  It  is  also  produced  when  steam  or  carbon  dioxide 
is  passed  over  heated  iron,  with  evolution  of  hydrogen  and  carbon 
monoxide  respectively,  these  reactions  being  the  reverse  of  those 
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by   which  oxides  of  iron  are  reduced  by  hydrogen  or  carbon 

monoxide. 

*  Ferrates. — These  compounds  correspond  to  the  manganates, 

bat  neither  the  acid  FeH,04  nor  the  oxide  FeOs  are  known. 

Potassiimi  ferrate,   KsFe04,  is  formed  when  chlorine  is  passed 

through  a  solution  of  potassium  hydroxide  in  which  ferric  hydroxide 

is  suspended. 

FEBBOUS  SALTS. 

Ferrous  Chloride,  FeClj. — The  anhydrous  compound  is  ob- 
tained by  heating  iron  wire  in  gaseous  hydrochloric  acid,  when  the 
salt  sublimes  in  the  form  of  white  deliquescent  crystals.  In  aqueous 
solution,  it  is  obtained  when  iron  is  dissolved  in  hydrochloric  acid, 
and  is  deposited  in  pale  blue-green  crystals  of  FeCl2,4H20. 

When  heated  in  the  air  it  is  converted  into  ferric  oxide  and 
chloride,  the  latter  volatilising — 

CFeClg  +  30  =  FejO,  +  SFeCl,. 

When  volatilised  in  an  atmosphere  of  hydrochloric  acid,  its 
vapour  density  at  high  temperatures  corresponds  to  the  formula 
FeClj ;  at  lower  temperatures  it  lies  between  the  values  required 
for  FcClj  and  Fe2Cl4. 

When  strongly  heated  in  a  current  of  steam  it  is  decomposed  as 

follows — 

3FeClj  +  4HgO  =  Fe304  +  H,  +  6HC1. 

Ferrous  Sulphate  {^^reen  vitriol),  FeS04,7H20,  is  obtained 
when  iron  is  dissolved  in  sulphuric  acid.  It  is  prepared  on  a 
large  scale  by  exposing  heaps  of  iron  pyrites,  FeS^,  to  the  action 
of  air  and  moisture.  The  liquor  which  drains  away  contains 
ferrous  sulphate  and  sulphuric  acid,  and  the  latter  is  converted 
into  ferrous  sulphate  by  the  introduction  of  scrap  iron. 

Ferrous  sulphate  forms  pale  green  monosymmetric  crystals, 
which  effloresce  on  exposure  to  the  air.  They  are  soluble  in  water 
to  the  extent  of  70  parts  in  100  parts  of  water  at  15'',  and  370  parts 
in  100  parts  at  90*.  At  100°  the  crystals  lose  GHgO,  being  con- 
verted into  FeS04,H,0. 

If  a  crystal  of  zinc  sulphate  be  thrown  into  a  supersaturated 
solution  of  ferrous  sulphate,  the  iron  salt  is  deposited  in  rhombic 
prisms  (isomorphous  with  zinc  sulphate).  On  the  other  hand,  if  a 
crystal  of  copper  sulphate  be  added,  asymmetric  (triclinic)  crystals 
of  FeS04,6H20  (isomorphous  with  copper  sulphate)  are  formed. 


632 

Fenous  sulphate  fonfis  doable  sidts  widi  die  ttdphates  of  the 
alkalies.  Thus,  trtun  mixed  «idi  anunDiiitim  solidiate  in  tbe  re- 
qntste  proportioiu,  aiiirooiitiiiiifeiraQS  n^diRte,  FeSO«(NH  J^SO» 
<tH|0,  ia  obtained.  This  salt  b  has  rac^tf  oiidised  on  eiqMMnie 
to  UT  than  fenous  stti^bate  itsel£ 

Ferrooa  salts  givc^  with  pcMassinm  fetiw-yanide  (K4Fe<CN]K 
or  4KCN,Fe(CN),),  a  white  precipitate  of  potasnom  fenoas  ferro- 
qnnlde  (FeK^e(CN)„  or  ZKCN,SFe(CN),).  The  precipitate  is 
quiddy  oxidised,  and  becomes  Ua&  With  potasnum  fenicjviide 
(K^e(CN;L  or  SKCN,Fe(CN)|X  ferrous  salts  yield  a  Une  pre- 
dpiute  of  forous  fenicyaoide  (TitmimlPt  ibu)  (Fc^FeCCN),)^  or 
SFe(CN^SFe(CN}^  dins— 

SFeSO«  +  81^Fe(CH).  -  F^Fe(CN)kl,  +  SK^O*. 

FESBIC  SALTS. 

Ferric  Chloride.  FeCij,  is  prepared  in  the  anhydrous  state  by 
passing  dry  chlorine  over  heated  iron  wire.  In  solution  it  may 
be  obtained  by  dissolving  iron  in  aqua  regia ;  or  ferric  oxide  ia 
hydrochloric  acid.  The  anhydrous  salt  forms  nearly  black  crystals, 
appearing  deep  red  by  transmitted  light.  It  readily  volatilises,  and 
at  temperatures  above  700°  the  density  of  its  vapour  corresponds  to 
the  formula  FeCl^  while  at  lower  temperatures  its  density  agrees 
more  nearly  with  the  formula  Fc,CI, 

Ferric  chloride  is  extremely  deliquescent,  and  readily  dissolves  in 
water.  When  the  solution  is  slowly  evaporated,  yellow  crystals  are 
deposited,  having  the  composition  Fe,Ct„12H,0  (or  FeC1^6H,0). 
When  a  dilute  solution  of  ferric  chloride  is  boiled,  it  decomposes, 
forming  either  an  insoluble  oxychloride,  or  a  soluble  hydroxide  and 
free  hydrochloric  acid  (depending  upon  the  strength  of  the  solution). 

Ferric  Sulphate,  Fe^SO|)„  is  prepared  by  the  addition  of  sul- 
phuric and  nitric  adds  to  a  solution  of  ferrous  sulphate — 

6FeS0,  +  8H,SO,  +  SHNO,  -  2N0  +  4H,0  +  SFc/SOJ^ 

The  brown  solution,  on  evaporation,  leaves  tbe  anhydrous  salt 
as  a  white  mass.  When  the  requisite  quantity  of  potassium  sul- 
phate is  dissolved  in  a  strong  solution  of  ferric  sulphate  at  o*t 
the  double  potassium  iron  sulphate  (iron  alum),  K^Of,Te^SO^ 
S4H,0,  separates  out  in  the  form  of  violet  octahedrons. 

Ferric  salts  give,  with  potassium  ferrocyanide  (K4Fe(CN)|,  or 
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4KCN,Fe(CN),),  a  dark  blue  precipitate  of  ferric  ferrocyanide 
{Prussian  blue)  (4Fe(CN)3,3Fe(CN)j)  or  Fe4{Fe(CNys— 

4FeCl,  +  3K4Fe(CN)e  =  Fe4{Fe(C«N)e},  +  12KC1. 

With  potassium  ferricyanide  ferric  salts  give  no  precipitate. 

SULPHIDES  OF  IRON. 

FerFOnS  Sulphide,  FeS.— When  a  white-hot  bar  of  wrought 
iron  is  dipped  into  melted  sulphur,  the  elements  unite ;  and  the 
readily  fiisible  monosulphide  of  iron  falls  to  the  bottonL  It  may 
be  prepared  by  throwing  into  a  red  hot  crucible  a  mixture  of  iron 
filings  and  sulphur.  So  obtained,  it  is  a  dark,  yellowish -grey, 
metallic-looking  mass.  When  heated  out  of  contact  with  air,  it 
does  not  part  with  sulphur,  but  in  the  presence  of  air  is  converted 
into  ferric  oxide  and  sulphur  dioxide.  Ferrous  sulphide  is  pre- 
cipitated from  either  ferrous  or  ferric  solutions,  by  alkaline  sul- 
phides, as  a  black  amorphous  powder,  which  in  the  moist  state  is 
quickly  oxidised  by  the  air.  Dilute  sulphuric  add,  or  hydrochloric 
add,  decomposes  ferrous  sulphide,  with  evolution  of  sulphuretted 
hydrogen. 

Iran  SeSQUiSOlphlde,  FegSs,  is  formed  when  equal  weights  of 
iron  and  sulphur  are  heated  to  a  moderate  temperature.  (It  can- 
not be  obtained  by  precipitation  from  a  ferric  salt,  as  the  product 
so  formed  consists  of  ferrous  sulphide  and  sulphur — 

Fe,Ci«  +  3(NH4)jS  =  6NH4CI  +  2FeS  +  S.) 

It  is  a  yellow,  metallic-looking  solid,  which  is  decomposed  by 
dilute  hydrochloric  acid,  yielding  sulphuretted  hydrogen. 

Fanie  Disulphldey  FeS2,  occurs  in  nature  in  large  quantities  as 
iron  pyrites^  sometimes  in  the  massive  condition,  and  at  others  in 
the  form  of  brass-yellow  cubical  crystals.  In  many  cases  the 
native  compound  bears  the  impression,  or  assumes  the  shape, 
of  various  organised  forms,  such  as  wood,  ammonites,  &c,  the 
mineral  having  been  formed  by  the  reducing  action  of  the  organic 
matter,  upon  ferrous  sulphate  in  solution.  Ferric  disulphide  is 
also  found  in  the  form  of  brass-like,  rhombic  crystals,  in  radiated 
pyrites. 

The  compound  may  be  prepared  by  heating  to  a  low  red  heat 
a  mixture  of  ferrous  sulphide  and  sulphur. 

Ferric  disulphide  is  unacted  upon  by  dilute  acids;  hot  con- 
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centnted  hydrochloric  acid  decomposes  il,  with  liberation  of  std- 
[Aur  Iind  sulphuretted  hydrogen.  When  heated  in  hydrogen, 
ralphni'  is  evolved  (which  parUy  combines  uilh  the  hydrogen), 
Mod  ferrous  sulphide  remains.  When  heated  in  the  air,  ferric 
oxide  and  sulphur  dioxide  are  formed. 

FeMNDSO-feiTic  Sulphide  {mai^netic  pyrites),  FejS„  occurs  in 
the  foim  of  hexagonal  crystals.  Like  the  corresponding  oxid^ 
this  COtitpound  is  attracted  by  the  mag.net,  and  is  itself  someiinies 
magnetic 


Synibol,  O),     Molecular  wcJEhl  =  58.6, 

OoeUFreiloe.^Wiili  ihe  exception  of  small  quantities  present 
meteoric  iron,  cobalt  is  not  found  uncombined  in  natore^  Its 
chief  natural  compounds,  which  are  only  sparsely  distributed,  arc 
speiss-cobalt,  or  smaitine,  CoAS]  ;  cobalt  glance,  CoAsS,  in  both  of 
which  the  cobalt  is  partially  replaced  by  nickel  and  iron ;  and 
eoball-bloom,  C03(AsO,)„8H,O. 

Modes  or  Formation.— Cobalt  is  obtained  by  reducing  the 
oxide,  or  the  chloride,  in  a  stream  of  hydrogen,  or  by  strongly 
heating  cobalt  oxalate  in  a  closed  crucible. 

Properties.— Cobalt  is  an  almost  white,  hard  metal,  which, 
when  polished,  resembles  nickel,  but  is  slightly  bluer.  It  is 
malleable,  and  when  heated  is  very  ductile.  Like  both  iron  and 
nickel,  it  is  attracted  by  the  magnet ;  but  unlike  these,  it  retains 
this  property,  even  at  a  red  heat.  In  the  massive  form,  cobalt  is 
unacted  upon  by  the  air  ;  but  the  finely-powdered  metal,  obtained 
by  the  reduction  of  the  oxide  in  hydrogen,  rapidly  oxidises  on 
exposure  to  the  air,  sometimes  with  incandescence.  When  heated 
in  the  air,  it  forms  the  oxide  CogOf.  Cobalt  decomposes  steam  at 
a  red  heat,  yielding  cobaltous  oxide,  CoO. 

Oxides  of  Cobalt— Three  oxides  of  cobalt  are  recognised, 
namely,  cobaltous  oxide,  CoO  ;  cobaltic  oxide,  Co,0)  ;  and  cobalto- 
cobaltic  oxide,  CojO,. 

Four  other  oxides  are  known,  which  are  regarded  as  compounds  of  ttie  two 
first,  having  tbe  composition  2CoO,CO]0|;  3CoO.Co,0(:  4CoO,Co,0|: 
6CoO.Co^ 

The  monoxide,  CoO,  is  basic,  and  yields  the  cobaltous  salts. 
The  sesquioxide,  CojOj,  is  feebly  basic,  forming  only  unstable 
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salts.  Stable  double  salts,  however,  corresponding  to  this  oxide 
are  known. 

ColialtOlIS  Oxide  {cobalt  monoxide\  CoO,  is  formed  when  the 
sesquioxide  is  heated  to  redness  in  a  stream  of  carbon  dioxide,  or 
gently  heated  in  hydrogen.  It  is  also  obtained  when  the  carbo- 
nate or  hydroxide  is  heated  in  the  absence  of  air.  It  forms  a  drab- 
coloured  powder,  which  is  unacted  upon  by  the  air,  but  when  heated, 
ibnns  C0SO4.  When  heated  in  either  hydrogen  or  carbon  mon- 
oxide, it  is  reduced  to  metallic  cobalt 

CobaltOUS  Hydroxide,  Co(HO)2. — When  potassium  hydroxide 
is  added  to  a  solution  of  a  cobaltous  salt,  a  blue  basic  hydrate  is 
precipitated,  which,  on  boiling,  is  converted  into  the  pink  hydroxide 
Co(HO)2.  It  turns  brown  on  exposure  to  the  air,  by  the  absorp- 
tion of  oxygen.  Both  the  oxide  and  hydroxide  are  really  soluble 
in  acids,  giving  cobaltous  salts. 

Cobaltie  Oxide  {cobalt  sesquioxiiie\  CogOs,  is  obtained  by  care- 
fully heating  cobaltous  nitrate  until  red  fumes  cease  to  be  evolved. 
It  is  a  dark  grey  powder,  which,  when  strongly  heated,  is  con- 
verted into  the  intermediate  black  oxide,  C03O4.  Cobaltie  oxide 
dissolves  in  cold  acids,  forming  brown  solutions,  which  contain 
unstable  cobaltie  salts.  When  warmed,  these  are  converted  into 
cobaltous  salts,  with  evolution  of  oxygen  in  the  case  of  oxy-salts, 
and  of  the  halogen  from  haloid  salts.  This  sesquioxide,  therefore, 
bdiaves  as  a  peroxide. 

Cobaltie  Hydroxide,  CosCHO)^,  or  Co203,3H20,  is  obtained  as  a 
nearly  black  precipitate,  by  the  addition  of  an  alkaline  hypochlorite 
to  a  cobaltous  salt    With  acids  it  behaves  as  the  oxide. 

CobaltO-Cobaltic  Oxide,  C03O4,  is  formed  as  a  black  powder, 
when  the  sesquioxide  is  strongly  heated  in  air. 


COBALTOUS  SALTS. 

Cobaltous  Chloride,  C0CI2. — When  the  carbonate,  or  any  of 
the  oxides,  are  dissolved  in  hydrochloric  acid,  the  concentrated 
solution  deposits  dark  red  prisms  (monosymmetric),  having  the 
composition  CoCls,6HsO.  When  exposed  over  sulphuric  acid,  they 
lose  4H2O,  and  are  converted  into  a  rose-red  salt,  CoCl^jSH^O, 
which  reabsorbs  moisture  from  the  air  to  form  the  hexa-hydrate. 
When  the  di-hydrate  is  heated  to  about  100**,  it  is  converted  into 
violet-blue  crystals  of  CoCl^HjO  ;  and  at  120*  it  becomes  an- 
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hydrous,  and  is  blue.    The  blue  salts,  on  exposure  to  the  air,    \ 
rapidly  rehydrate  themselves,  and  become  pink.  \ 

Coludtous  chloride  dissolves  in  alcohol,  giving  a  deep  blue  sola-  | 
tion,  which,  on  the  addition  of  water,  also  becomes  pink.  This  | 
property  of  forming  pink  hydrated  salts,  which  become  bhie  or 
green  when  nearly  or  quite  anhydrous,  is  common  to  most  cobal* 
tons  salts.  Thus,  the  iodide  CoX^l^fi  forms  rose-coloured 
crystals.  When  gently  heated,  it  changes  to  a  moss-green  salt, 
CoI],2H20,  which,  when  dehydrated,  becomes  neariy  black 

Cobaltoas  Sulphate,  CoS04,7H|0,  is  obtained  by  dissolving 
the  carbonate  or  oxides  in  sulphuric  add,  and  is  deposited  from 
the  solution  in  dark  red  crjrstals,  isomorphous  with  ferrous  sul- 
phate. Cobalt  sulphate,  like  the  sulphates  of  iron  and  nickd,  f 
forms  double  salts  with  alkaline  sulphates,  of  which  cobalt  potas- 
sium sulphate,  CoS04,K2S04,6H20,  is  the  best  known. 

Cobaltle  Salts. — Single  salts  corresponding  to  cobalt  sesqui- 
oxide  are  unstable,  and  exist  only  in  solution.  More  stable  double 
salts  are  known.  Thus,  when  potassium  nitrite  is  added  to  an 
acetic  acid  solution  of  cobalt  chloride,  a  yellow  crystalline  precipi- 
tate is  obtained,  consisting  of  the  double  nitrite  of  cobalt  and 
potassium — 

2C0CI2  +  lOKNOj  +  4HNO,  =  Cog(N02)a,6KNO,  + 

2NO  +  4KC1  -f  2H,0. 

The  formation  of  this  compound  is  made  use  of  for  separating  cobalt  from 
nickel,  the  latter  element  yielding  no  corresponding  double  nitrite.  In  the 
presence,  however,  of  salts  of  barium,  strontium,  or  calcium,  nickel  fonns, 
with  poiassium  nitrite,  triple  salts,  such  as  Ni(NOs)s,Ba(NOs)s,2KNC)s,  which 
are  precipitated  as  yellow  crystalline  powders.  Hence,  in  the  presence  of 
metals  of  the  alkaline  earths,  nickel  and  cobalt  cannot  be  separated  by  this 
method. 


8TJLPHIDBS  OF  COBALT. 

Cobaltous  Sulphide,  CoS,  is  obtained  by  heating  cobaltous 
oxide  with  sulphur,  or  by  fusing  a  mixture  of  cobalt  sulphate, 
bariimn  sulphide,  and  common  salt.  It  forms  bronze- coloured 
crystals,  which  are  soluble  in  strong  hydrochloric  acid.  Cobalt 
sulphide  is  precipitated  as  a  black  amorphous  powder,  when 
ammonium  sulphide  is  added  to  a  cobalt  solution.  The  precipi- 
tate slowly  d\sso\v«s  \tv  ^iXwX.^  mvcv^x^  ^^v^v,  VsMt  is  insoluble  in 
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acetic  acid  When  heated  in  a  stream  of  sulphuretted  hydrogen, 
it  yields  the  sesquisulphide  Co^Ss ;  and  if  mixed  with  sulphur,  and 
heated  in  a  current  of  hydrogen,  it  forms  the  disulphide  CoS]. 

Cotialtainilies  {ammoniacal  cobalt  compounds  *).  Cobalt  forms 
a  lai]ge  number  of  complex  ammoniacal  salts.  A  few  of  these 
contain  the  metal  in  the  divalent  condition,  and  are  known  as 
ammomO'Cobaiious  salts j  but  by  far  the  larger  number  contain 
the  hexavalent  double  atom  C02,  and  are  termed  amfnomo-cobaltic 
compounds.    These  compounds  are  classified  as  follows  t  :— 

AmmoiliO-CobaltOlU  Salts  are  formed  by  the  absorption  of  gaseous  am- 
monia by  anhydrous  cobaltous  salts,  or  by  dissolving  the  salts  in  strong 
aqneoos  ammonia,  with  exclusion  of  air.  In  this  way  the  following  salts  have 
been  obtained — 

Ammonio^baltous  chloride.  CoCl^GNH,    {  which,  at  120°.  is  converted 

^  *    I      mto  CoCl,.2NH3. 

Ammonio-cobaltous  sulphate.  CoS04,6NH8. 
Ammoiuo-oobaltous  nitrate.  Co(N03)2,6NH3,2H20. 

Inmumio-Oobaltlo  Salts. — These  may  be  arranged  under  the  following 
classes  and  subdivisions : — 

I.  Hexammonio  Salts, — General  formula,  Cos(NH3)q*Ro,  where  R  equals 
a  mooacid  radical,  or  its  equivalent  of  di  or  tri  acid  radicals. 

THexammonio-cobaltic  chloride  [dichro-cobalHc  chloride). 
Examples  \     Co3-(NHj)«Cl«,2HaO. 

I^Hexammonio-cobaltic  sulphate,  Cos*(NH3)q'(S04)3.6H<,0. 

II.  Ociammonio  SalU — 

(a.)  PraseoX  Salts, — General  formula.  Co2'{NHs)8'R^ 

rPraseo-cobaltic  chloride.  Co3(NH3)^*Cl(,,2HaO. 
Examples  \  Praseo-cobalticchloro-nitrate.Coa(NHj)jj-Cl4'(NO,)j, 
\    2H2O. 

{p.)  Fusco  5a//j.— General  formula,  Co2(NH8)8{HO)a'R4. 

TFusco-cobaltic  chloride,  Coa(NH3)8(HO)./Cl4.2H20. 
Examples  -j  Fusco  -  cobaltic  sulphate.   Co3(NHs)8(HO)s'(S04)'*. 
I     2H3O. 

(7.)  Cnv«>  5a//j.— General  formula.  Co3(NH3)8(N02)4'Ra. 

Examples  \  Croceo-cobaltic  chloride,  Co2(NH3)8(N02)4*Clj. 
^       \  Croceo-cobaltic  sulphate,  Coa(NH3)s(N 65)4*804. 

^  For  details  respecting  the  preparation  and  properties  of  these  salts,  the 
student  is  referred  to  larger  works. 

f  On  the  constitution  of  metallammonium  compounds  generally,  see  Werner, 
Zeitschrift fUr  Anorganische  Chemie,  1893.  ^^l*  i'i* 

X  These  names  denote  the  characteristic  colours  of  the  salts ;  thus,  prasimus^ 
leek-grcen ;  fuscus,  swarthy ;  crocus,  yellow.  &c. 
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^  Co,(NH,,)„,|H,01,R, 
(  Roseo^haliic  chloride,  Coa(NH,)io(H^),Cl» 

I  3Hda 

1^}  Purfmm  Salb—Qaotnii  fbcnnda,  C0|(NHJ„X|It4 

(wbera  X  and  R  ue  dtbor  th«  mnw,  or  difiiemt  add  nuUonli}. 
fChloro-piDpiiraocobakle  dikrlde,  Coi(NtyMCIi<a(. 
Qiloro-  pmpuito-eobdtie  tolphaie,  Ca|{NH(h*C3i' 

Bramo-purpareo-oobaltie   mtiate,   Ca]|(NHt)]|fir|' 

(y.)  JComMii  SbOi.— Ooicral  Itannuk,  Ca,{NHi)u(NOk)i-R«. 

rXwatlwKiofaaltlc  dtlofid^  Co,(NHJ,^NOi),-CV 
ExamfUs  \  Xantho-cobaltle  bromo-nitrale,   Cc^(NH,]^NOt)t' 

a  rormola,  Co^NH,)uR4-X-0[HO) 
a  acid  radical  either  (he  same  as, 
or  dilfereDt  haia,  R). 

iOiy-decsiiimonio  coballic  chloride,  Co^NH,),^- 
(HO)-O'IHO). 
Anhydro  -  oxy  -  decammonio    cobalt    chloride, 
Co^NH,J„CI,-Cl4-0  ■(HO). 

V.  aM^dMvninuSaAilluteo-oobalticulu).— Genera]  rorniu1a,Co,(NK))uRa, 
Examtia   }  Lul«>-«'>»ltic  chloride,  CojlNH,)i,CV 

'^        I  Luleo-coboUie  sulphate,  COa(NH,)i,(SOJfc6H^. 

When  cobalt  compounds  are  fused  with  borax,  a  clear  blue 
vitreous  mass  is  obtained,  wbich  contains  a  borate  of  cobalL  A 
similar  blue  colour  is  imparted  to  ordinary  potash  glass,  when  a 
small  quantity  of  a  cobalt  salt  is  added  to  the  molten  material, 
owing  to  the  formation  of  a  silicate  of  cobalt  Under  the  name 
oi  small,  this  substance  has  been  manufactured  for  use  as  a  pig- 
ment, by  fusing  the  roasted  cobalt  ore  with  quartz  sand  and  pearl- 
ash.  The  fused  mass  of  deep  blue  glass  is  then  finely  ground 
beneath  water. 
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NICKEL. 

Symbol,  NL     Molecular  weight  =  58.6. 

OecUTPenee. — Nickel  occurs  chiefly  in  combination  with  arsenic 
as  kupfer  nickel f  Ni2As2 ;  white  nickel^  NiAs2 ;  nickel  glance^ 
Nij(AsS)sy  also  as  nickel  blende^  NiS.  Nickel  ore  almost  invari- 
ably contains  cobalt,  and  frequently  antimony  and  bismuth. 

Modes  of  Formation.  —  Nickel  is  obtained  by  reducing  the 
oxide  with  carbon  at  a  high  temperature.  It  may  be  obtained  as  a 
black  powder  by  reducing  nickelous  oxide  in  a  stream  of  hydrogen, 
or  by  beating  nickelous  oxalate  out  of  contact  with  air.  It  is  also 
obtained  as  a  lustrous  coherent  deposit  by  the  electrolysis  of  an 
ammoniacal  solution  of  the  double  sulphate  of  nickel  and  anmionia. 
^Properties. — Nickel  is  a  lustrous  white  metal,  with  a  faint 
yellow  tinge  when  compared  with  silver.  It  is  ductile  and  malle- 
able, and  at  the  same  time  very  hard  and  tenaceous.  It  is  sus- 
ceptible of  a  very  high  polish.  Nickel  is  attracted  by  the  magnet, 
but  loses  this  property  when  moderately  heated.  When  obtained 
by  reduction  with  charcoal,  the  metal  contains  a  certain  amount  of 
carbon  (like  cast  iron),  which  renders  it  less  malleable  ;  and  when 
produced  by  reduction  of  the  oxalate  at  a  low  temperature  the 
powder  is  pyrophoric 

In  the  massive  form,  nickel  is  unacted  upon  by  moderately  dry 
air,  but  in  moist  air  it  tarnishes,  and  becomes  covered  with  a  film 
of  nickelous  oxide.  It  decomposes  steam  only  slowly  at  a  red 
beat,  and  is  slowly  attacked  by  dilute  hydrochloric  or  sulphuric 
add  (contrast  iron). 

In  a  finely  divided  state,  nickel  absorbs  carbon  monoxide  (see 
page  263). 

Nickel  is  largely  used  for  electro-plating  iron  and  steel  articles. 

Nickel  Alloys. — With  copper,  and  with  copper  and  zinc,  nickel 
furnishes  several  important  alloys.  The  small  coinage  in  use  in 
Belgium,  Germany,  and  the  United  States,  consists  of  i  part  of 

•  Kupfer  nickel  signifies  the  false  copper^  and  was  applied  by  the  Germans 
in  the  middle  ages  to  this  ore,  which  resembled  a  copper  ore,  because  they 
tried  in  vain  to  extract  copper  from  it.  It  is  probable  that  this  ore  bad  been 
smelted  along  with  copper  ores,  under  the  belief  that  it  contained  copper,  by 
the  early  ancients.  Thus,  a  coin,  235  B.C.,  has  been  found  to  contain  20  p«r 
cent,  of  nickel 
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nickel  and  3  parts  of  copper  ;  while  the  so-called  German  silver, 
or  nickel-silver.,  contains  in  addition  about  1.5  parts  of  wnc. 

Oxides  of  Nickel.— Three  oxides  of  nickel  have  been  obtained, 
"=TieIy,  nickelous  oxide,  NiO  ;  nickelic  oxide,  Ni,0, ;  and  nickelo- 
I'-jlic  oxide,  NijO,.     The  first  alone  is  basic 

ekelOUS  Oxtde  {nickel  mtmoxide),   NiO,  is  obtained  as  a 

cnish  powder  by  heaiinp  nickel  carbonate,  or  hydroxide,  out  of 

■  -jiilact  with  ajr,  acids  yielding  nickel  salts. 

^hcn  healed  in  h  1  monoxide,  it  is  readily  re- 

themetall..  -- 

DUS  H^t  is  obtained  as  a  pale  green 

c  e  when  ^ ~  *  '^  added  to  a  solution  of  a 

it;.  Wilt:   the  precipitate  ..^  composition  4Ni(H0)^H,0. 

len  strongly  heated  it  is  cc  ■A  into  nickelous  oxide  and 

xaXtX.     It  is  readily  soluble  in  a  arming  the  nickel  salts  ;  and 

it  also  dissolves  in  anunonia  and  in  solutions  of  ammonitim  salts. 

Nickel  Sesqulozlde,  Ni,0|,  is  obtained  as  a  black  powder 
when  the  nitrate  is  decomposed  by  heat  at  the  lowest  teinpcratiu& 
With  hydrochloric  acid  and  sulphuric  acid  it  behaves  like  a  per- 
oxide ;  yielding  nickel  salts,  with  the  elimination  of  chlorine  and 
oxygen  respectively — 

Ni,0,  +  6HCI      -  SNiCl,  +  3H,0  +  CI,. 
NijO,  +  SHjSO,  =  BNiSO,  +  2H,0  +  O. 

It  is  soluble  in  ammonia,  with  evolution  of  nitrogen — 
2Ni,0,  +  2NH,  =  6Ni(H0),  +  3H,0  +  N,. 

H7dFat«d  Sesqulozlde  of  Hlekel,  Nit{HO)g,  or  NttOi,3HtO. 
When  chlorine  is  passed  through  water,  or  sodium  hydroxide^  in 
which  nickelous  hydroxide,  Ni(HO)|,  is  suspended,  a  black  powder 
is  obt^ned  having  the  composition  Ni,0^3H,0.  The  same  com- 
pound is  obtained  when  a  nickel  salt  is  added  10  a  solution  of 
bleaching-powder.  In  contact  with  acids  and  ammonia  it  behaves 
like  the  o^de. 

HlGkelo-nlcheltc  Oxide,  Ni,0„  is  obtained  as  a  grey  metallic- 
looking  mass,  when  nickel  chloride  is  heated  to  about  400*  in  a 
stream  of  oxygen. 

Nickel  Salts.— Nickel  forms  only  one  series  of  salts,  corre- 
sponding 10  the  monoxide.  In  the  anhydrous  state  these  are 
naually  yellowish,  while  in  the  hydrated  condition  they  are  green. 
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Nickel  Chloride,  NiCl^  is  obtained  as  a  yellow  amorphous 
mass,  by  dissolving  the  oxide  or  carbonate  in  hydrochloric  acid, 
and  evaporating  the  solution  to  dryness.  When  heated  in  a 
current  of  chloriDc  it  sublimes  in  the  fbnn  of  lustrous  golden 
yellow  scales,  which  dissolve  in  water  foiming  a  green  solution. 
From  the  aqueous  solution,  green  crystals  of  the  composition 
NiCl,6H,0  are  deposited. 

Anhydrous  nickel  chloride  absorbs  gaseous  ammonia  forming  the 
compioimd  NiCl],6NH),  which  when  deposited  from  an  aqueous 
solution,  forms  blue  octahedrons. 

Nlekel  Sulphate,  NiSO«TH,0,  is  produced  when  the  metal, 
the  carbonate,  or  the  oxide  is  dissolved  in  dilute  sulphuric  acid, 
and  the  concentrated  solution  is  allowed  to  ciysCallise  at  the  ordi- 
nary temperature.  It  forms  green  crystals,  isomorphous  with 
m^^nesium  sulphate.  When  heated  to  100°  the  crystals  lose 
8H,0,  and  above  300°  the  salt  becomes  anhydrous.  The  anhy- 
drous salt  absorbs  gaseous  ammonia,  being  converted  into  a  pale 
violet  powder  having  the  composition  NiSO,,6NHj.  When  nickel 
sulphate  is  dissolved  in  strong  aqueous  ammonia,  the  solution 
deposits  dark  blue  quadratic  crystals  of  NiSO|,4NH^SH,0. 

With  sulphates  of  the  alkalies,  nickel  sulphate  forms  double 
salts,  of  which  the  ammonium  salt  is  the  most  important,  NiSO,, 
(NH4),SO„6H,0.  It  is  obtained  by  mixing  concentrated  solu- 
tions of  the  two  sulphates  in  the  requisite  proportions.  This  salt 
is  employed  in  the  process  of  nickel-plating. 

Nlckelons  Snlphlde  {nickel  mmosuiphide),  NiS,  occurs  as  the 
mineral  capillary  pyriUs.  It  is  obtained  as  a  bronze-like  mass, 
insoluble  in  hydrochloric  acid,  by  heating  sulphur  and  nickel 
tt^tber.  In  the  bydrated  condition,  nickel  sulphide  is  precipitated 
at  an  amorphous  black  powder,  on  the  addition  of  ammonium 
sulphide  to  a  nickel  salt.  The  precipitate  is  scarcely  soluble  in 
hydrochloric  acid,  but  partially  dissolves  in  excess  of  ammonium 
nlpbide  forming  a  brown  solution.  Three  other  sulphides  have 
been  obt»ned,  having  the  composition  Ni,S,  NiS«  and  NigSj. 


CHAPTER   XIV 

THE  TRANSITIONAL  ELEMENTS  OP  THE  SECOND 
AND  FOURTH  LONG  PERIOD 

Ruthenium,  Ru  =  Z03.5.        Rhodium,  Rh  =  104. i.        Palladium,  106.2. 
Osmium,  Os  =  191.  Iridium,  Ir  =  193.5.  Platinum,  194.3. 

These  elements,  although  constituting  two  transitional  groups,  are  very  clo&ely 
related  to  each  other.  In  nature  they  all  occur  associated  together  in  what  is 
commonly  known  os  platinum  ore,  and  they  are  on  this  account  usually  spoken 

of  as  t}u  platinum  metals. 

Platinum  Ore,  or  native  platinum,  contains  all  these  elements  in  the  metallic 
state.  It  is  found  in  small  grains,  sometimes  in  nuggets,  in  alluvial  deposits  and 
river  sand,  principally  in  Brazil,  Borneo,  California,  Australia,  and  the  Urals. 
Native  platinum  contains  from  60  to  86  per  cent,  of  platinum,  the  remainder 
consisting  of  the  other  five  metals  of  the  group,  together  with  varying  quan- 
tities of  gold,  copper,  and  iron.  Amongst  the  grains  of  platinum  ore,  there 
are  also  found  grains  which  consist  essentially  of  an  alloy  of  platinum  and 
iridium  (containing  from  30  to  75  per  cent,  of  iridium)  known  as  platin- 
iridium :  and  also  particles  of  an  alloy  of  osmium  and  iridium  (called  osmiri- 
dium),  which  contain  from  30  to  40  per  cent,  of  osmium,  as  well  as  small 
quantities  of  rhodium  and  ruthenium. 

They  are  all  white  lustrous  metals,  having  high  melting-points.  They  are 
unacted  upon  by  air  or  oxygen  at  ordinary  temperatures ;  and,  with  the  excep- 
tion of  osmium  (which  burns  when  strongly  heated,  forming  the  tetroxide), 
they  are  scarcely  oxidised  by  oxygen  at  any  temperature. 

With  the  exception  of  palladium,  which  readily  dissolves  in  hot  nitric  add, 
these  metals  are  unacted  upon  by  ordinary  acids.  Aqua  regia  converts 
osmium  into  the  tetroxide  ;  it  dissolves  platinum  with  formation  of  the  tetra- 
chloride, and  slowly  acts  upon  ruthenium,  but  is  without  action  upon 
rhodium  and  iridium. 

The  specific  gravities  of  the  metals  of  the  first  group,  although  very  close  to 
one  another,  are  widely  different  from  those  of  the  second  group ;  and  it  will 
be  seen  that  the  specific  gravities  fall,  with  increasing  atomic  weights,  thus — 

Ru,  sp.  gr.  =  12.26.  Rh,  sp.  gr.  =  12.  i.  Pd,  sp.  gr.  =  ix.4. 

Os,       ,,       =22.47.  Ir,       ,,        =22.38.         Pi,       ,,       =21.5. 

The  element  osmium  is  the  heaviest  known  substance. 

The  most  easily  fusible  of  these  metals  is  palladium,  which  melts  about  the 

temperatiue  of  wrought  iron.     The  melting-point  of  platinum  is  somewhat 

higher,   but  it   may  be  boiled  by  the  oxyhydrogen  flame.     Rhodium  and 
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iridium  ooine  next  in  order  of  fusibility,  the  latter  metal  being  just  fusible  by 
the  oxyhjrdrogen  flame,  while  ruthenium  has  a  still  higher  melting-point 
Osmium  has  not  been  melted.    When  heated  to  the  melting-point  of  indium, 
ownium  volatilises ;  and  if  air  be  present,  it  burns. 
The  following  oxides  of  these  metals  are  known — 


PtO 
Pt0.j 


Ruthenium,  osmium,  rhodium,  and  iridium  form  salts  corresponding  to  the 
tesquioxide,  such  as  ruthenious  chloride,  Ru,Cl« ;  rhodium  sulphate,  Rh,(S04)3 ; 
iridious  chloride,  Ir^Cl^ 

With  the  exception  of  rhodium,  they  all  form  chlorides,  corresponding  to 
the  dioxides,  thus — ^ruthenic  chloride,  RUCI4 ;  iridic  chloride,  IrCl4 ;  platinic 
chloride,  PtCl4.  while  palladium  and  platinum  yield  pallad^»j  and  palatin^wj 
compounds,  correqx>nding  to  their  monoxides. 

The  tetroxides  of  ruthenium  and  osmium  are  remarkable  in  melting  at 
an  extremely  low  temperature  (about  40**).  and  boiling  about  Ioo^  They 
]rield  Intensely  irritating  vapours,  which,  in  the  case  of  osmium  tetroxide, 
enrts  a  most  injurious  effect  upon  the  eyes,  and  is  extremely  poisonous. 
(Osmium  tetroxide  is  commonly  known  as  osmic  acid. )  Osmium  and  ruthenium 
■ho  exhibit  a  non-metallic  character  in  forming  compounds  derived  from  the 
anknown  nithenic  and  osmic  trioxides,  such  as  potassium  ruthenate,  K2RUO4. 
and  potassium  osmate,  K,Os04  (the  corresponding  nithenic  and  osmic  acids 
are  unknown).  Ruthenium  flilso  forms  potassium  per-nithenatc,  KRUO4 
(analagous  to  pennanganate),  although  the  corresponding  acid  and  peroxide, 
Ri%Of»  are  unknown.    The  most  important  of  these  elements  is  platinum. 


PLATnnm. 

Sjrmbol,  Pt    Molecular  weight  =  194.3. 

In  order  to  separate  platinum  from  the  other  metals  with  which 
the  native  platinum  (see  page  642}  is  mixed,  the  ore  is  digested  in 
dilute  aqua  regia,  under  slightly  increased  pressure.  The  solution 
so  obtained  contains  the  higher  chlorides  of  platinum,  palladiiun, 
iliodiimi  and  iridium  (for  although  in  the  pure  state  the  last  two 
named  metals  are  scarcely  attacked  by  aqua  regia,  when  alloyed  with 
much  platinum  they  dissolve).  The  solution  is  evaporated  to  dry- 
ness, and  heated  to  125**,  whereby  the  palladium  and  rhodium  are 
obtained  in  the  form  of  their  lower  chlorides,  PdCl^  and  Rh^Cl^ 
(the  latter  of  which,  in  the  anhydrous  condition,  is  insoluble  in 
water).    The  residue  is  extracted  with  water,  and  to  the  clear  solu- 
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tion,  acidified  with  hydn)chloric  add,  ammonium  chloride  is  added. 
The  double  chloride  of  platinum  and  anmionium  (PtCl|,SNH4ClX 
separates  out  as  yellow  crystals,  while  the  corresponding  iridium 
salt,  being  more  soluble,  remains  for  the  most  jMUt  in  solution, 
and  may  be  obtained  by  concentrating  the  mother  liquor.  The 
ammonium  platinic  chloride^  on  being  ignited,  loses  ammonium 
chloride  and  chlorine,  leaving  the  metal  in  the  form  of  a  Uack 
spongy  mass  known  as  spongy  platinum^  which  is  then  melted  by 
means  of  the  oxyhydrogen  flame  in  a  lime  crucible.  The  platinum 
so  obtained,  usually  contains  small  quantities  of  iridium,  and  traces 
of  associated  metals. 

Pure  platinum  is  obtuned  by  alloying  commercial  platinum 
with  pure  lead,  and  treating  the  alloy  first  with  nitrib  add,  which 
dissolves  any  copper  and  iron,  a  part  icrf'  the  palladium  and  ihodium, 
and  most  of  the  lead ;  and  then  with  dilute  aqua  rsgia,  which  dis- 
solves the  whole  of  the  platinum  and  the  remaining  lead,  with 
traces  of  rhodium.  From  this  solution  the  lead  is  precipitated  as 
sulphate,  and  the  platinum  is  then  precipitated  as  the  double 
chloride,  by  ammonium  chloride.  To  remove  traces  of  rhodium 
which  are  present,  the  dried  double  chloride  is  ignited  with 
hydrogen  potassium  sulphate,  whereby  the  rhodium  is  converted 
into  a  soluble  double  sulphate  of  rhodium  and  potassium,  while 
the  platinum  is  reduced  to  the  condition  of  the  spongy  metal. 

Properties. — Platinum  is  a  lustrous,  greyish-white,  malleable, 
and  ductile  metal.  At  a  red  heat  it  may  be  welded  with  great 
ease.  It  is  melted  by  the  oxyhydrogen  flame,  and  vessels  of 
platinum  are  readily  made  by  fusing  the  metal  together  in  this 
way.  Heated  platinum  absorbs  large  quantities  of  hydrogen 
(see  page  157) ;  and  when  the  metal  is  melted  in  the  oxyhydrogen 
flame,  it  exhibits  the  phenomenon  of  "spitting,"  when  it  again 
solidifies  (see  Silver,  page  518).  Platinum  does  not  combine  with 
oxygen  at  any  temperature,  neither  does  the  heated  metal  absorb 
this  gas  ;  but  it  has  the  property,  when  cold,  of  condensing  oxygen 
upon  its  surface.  A  piece  of  clean  platinum  foil  or  wire,  when 
introduced  into  a  mixture  of  oxygen,  and  a  readily  inflammable 
gas  or  vapour  (such  as  hydrogen,  ether,  alcohol,  &cX  causes  their 
combination  ;  and  occasionally  the  metal  becomes  red  hot,  and 
ignites  the  mixture.  This  action  is  more  rapid  in  the  case  of 
platinum  sponge,  when  a  larger  surface  is  brought  into  play,  and 
a  fragment  of  this  material  introduced  into  a  detonating  mixture 
of  oxygen  and  hydrogen  at  once  determines  its  explosion. 
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Platinum  is  not  acted  upon  by  either  nitric  or  hydrochloric  add. 
It  is  oxidised  when  fused  with  caustic  alkalies,  or  with  potassium 
nitrate,  and  is  also  attacked  by  fused  alkaline  cyanides.  In  the 
form  of  sponge,  it  is  dissolved  by  boiling  potassium  cyanide  with 
the  evolution  of  hydrogen,  and  formation  of  a  double  cyanide. 

Platinum  readily  combines  with  phosphorus,  silicon,  and  carbon. 
The  carbide  of  platinum  is  formed  when  the  metal  is  continuously 
heated  by  a  smoky  flame,  or  one  in  which  combustion  is  incom- 
plete, hence  care  is  necessary  in  the  use  of  platinum  vessels. 

PlatiQUm  Blaek  is  the  name  given  to  the  finely-divided  metal 
obtained  by  precipitating  platinum  from  its  solutions  by  reducing 
agents,  or  by  metals.  It  is  a  soft,  black  powder,  which  is  capable 
of  absorbing,  or  condensing  upon  its  surface,  large  quantities  of 
o^TST^n.    It  therefore  acts  as  a  powerful  oxidising  agent. 

Platinum  Alloys. — Platinum  readily  alloys  with  many  metals  ; 
hence  compounds  of  easily  reducible  metals  should  not  be  heated 
in  vessels  of  platinum.  The  most  important  alloys  are  those  with 
iridium.  The  addition  of  2  per  cent,  of  iridium  is  found  greatly  to 
increase  the  hardness,  and  raise  the  melting-point  of  platinum. 
An  alloy  containing  10  per  cent,  of  iridium  resists  the  corrosive 
action  of  chemical  reagents  to  a  greater  extent  than  pure  platinum 
(see  Fluorine,  page  310). 

Oxides  of  PlatinunL — Platinous  oxide,  PtO,  and  platinic  oxide, 
PtOf,  are  obtained  in  the  form  of  dark  grey  or  black  powders,  by 
gently  heating  the  corresponding  hydroxides.  When  strongly 
heated  they  are  converted  into  the  metal 

Platinous  Hydroxide,  Pt(H0)2,  is  obtained  by  the  action  of 
potassium  hydroxide  upon  platinum  dichloride.  It  is  a  black 
powder,  which  dissolves  in  the  halogen  acids,  yielding  platin^f^j 
compounds. 

Platinie  Hydroxide,  Pt(H0)4.  is  prepared  by  adding  boiling 
potassium  hydroxide  to  a  solution  of  platinum  tetrachloride,  and 
treating  the  precipitate  with  acetic  acid  to  remove  the  potash. 
When  dried  it  forms  a  yellowish  powder,  which  is  soluble  in  acids 
to  form  platinic  salts.  Platinic  hydroxide  behaves  both  as  a  weak 
base,  and  a  feeble  acid.  With  stronger  bases  it  forms  compounds 
known  as  platinatesy  which  are  yellow  crystalline  salts.  The 
sodium  salt  has  the  composition  NajOydPtOt^eHsO. 

Platinum  Dichloride  {platinous  chloride),  PtCl,,  is  produced 
when  platinum  tetrachloride  is  heated  to  about  250**.  It  forms  a 
greenish  powder,  insoluble  in  water.    It  dissolves  in  hydrochlQcvc 
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acidf  giving  a  reddish-brown  solution  frfiich  b  believed  to  contain 
the  double  compound  PtCl^SHCl,  or  HiPtClf,  to  which  the  name 
chlorihplaHnous  add  has  been  given :  the  compound  has  never 
been  isolated,  but  a  number  of  double  salts  of  i^atinous  chloride 
with  other  chlorides  are  known,  which  may  be  regarded  as 
derivatives  of  this  acid,  and  which  are  therefore  termed  diloro- 
platinites ;  thus,  potassium  platinous  chloride,  8KCl,PtCI^  or 
potassium  chloro-platinite^  KsPtCl^  is  obtained  as  fine  red  crystals, 
by  adding  potassium  chloride  to  a  solution  of  platinous  diToride 
in  hydrochloric  add.  This  salt  is  used  in  the  platimaij^  photo- 
graphic process. 

PUtiiram  Tetraehlorlda  (Jlaiimc  dkiand€\  PtCl^.  is  obtained 
by  dissolving  the  metal  in  aqua  regia,  and  removing  the  excess 
of  the  acids  by  evaporating  to  dryness  and  gently  heating  the 
residue.  From  its  aqueous  solution,  the  salt  deposits  in  large 
red  crystals  having  the  composition  PtCl4,6HsO,  which  are  not 
deliquescent  When  the  salt  is  crystallised  from  a  hydrochloric 
acid  solution,  or  when  the  aqua  regia  solution  is  evaporated  to 
expel  the  nitric  acid,  with  frequent  addition  of  hydrochloric  acid, 
the  double  compound  of  platinic  chloride  and  hydrochloric  acid  is 
formed,  PtCl4,2HCl,  which  is  deposited  as  reddish-brown  deli- 
quescent crystals,  with  GH^O.  To  this  substance  (which  is 
commonly  called  platinic  chloride^  the  name  ckloro-piatinic  tuid 
has  been  given,  and  the  double  salts  of  platinic  chloride  and 
various  chlorides  are  regarded  as  salts  of  this  acid.  The  most 
important  of  these  chloro-platinates  are  those  of  the  alkali  metals, 
their  different  solubilities  being  made  the  basis  for  the  separation 
of  these  metals. 

Potassium  Chloro-platinate  (or  potassium  platinic  chlaride\ 
2KCl,PtCl4  or  KsPtClg,  is  obtained  as  a  yellow  crystalline  pre- 
cipitate, by  adding  potassium  chloride  to  platinic  chloride.  It  is 
soluble  in  100  parts  of  water  at  the  ordinary  temperature  to  the 
extent  of  1. 1  parts,  and  at  100°,  5. 18  parts.     It  is  insoluble  in  alcohol 

The  rubidium  and  caesium  compounds  are  very  similar,  but  are 
still  less  soluble  in  water,  100  parts  of  water  at  20*  dissolving  0.141 
of  the  rubidium  and  0.07  of  the  caesium  salt. 

Ammonium  Chloro-platinate,  2NH4Cl,PtCl4,closelyresembles 
the  potassium  salt,  being  slightly  less  soluble,  but  more  so  than 
the  rubidium  compound. 

Sodium  Chloro-platinate,  2NaCI,PtCl4,6H20,  is  a  reddish- 
yeiiow  salt,  readily  soluble  in  both  water  and  alcohol 
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Platlno-cyanides. — ^Just  as  platinous  chloride  combines  with 
metallic  chlorides  to  form  chloro-platinites,  so  platinous  cyanide, 
Pt(CN)2,  unites  with  other  cyanides,  forming  similarly  constituted 
double  compounds,  known  as  platino-cyanides.* 

Potassium  platino-cyanide,  K^PtCCN^^,  or  2KCN,Pt(CN)^  is 
formed  when  spongy  platiniun  is  dissolved  in  boiling  potassium 
cyanide.  The  platino- cyanides  may  be  regarded  as  the  salts  of 
platino-cyanic  acid,  HsPt(CN)4.  Both  the  acid  and  the  salts  are 
characterised  by  the  wonderful  play  of  colours  they  exhibit,  when 
viewed  m  different  lights ;  and  by  forming  different  coloured 
crystals  with  varying  quantities  of  water  of  crystallisation  (see 
page  192). 

Sulphides  of  Platlnmn.— Platinous  sulphide,  PtS,  and  platinic 
sulphide,  PtS^  are  obtained  as  amorphous  black  powders  by  the 
action  of  sulphuretted  hydrogen  upon  the  respective  chlorides. 

Oxy salts  of  PlatlnunL — Few  well  defined  single  salts  of 
platinum  with  oxyacids  are  known.  This  element,  however, 
exhibits  a  great  tendency  to  form  complex  double  salts.  One  such 
series  of  compounds  is  seen  in  the  platino-niirites^  which  may 
he  regarded  as  the  salts  of  platino-nitrous  acid,  H2Pt(N02)t. 

lliese  salts  are  remarkable,  in  that  the  platinum  they  contain 
cannot  be  detected  by  the  ordinary  tests  for  that  metal ;  just  as 
the  iron  present  in  ferro-cyanides  is  not  detected  by  the  ordinary 
reagents  used  in  testing  for  that  metal. 

ATnm^"^''^^''  Flatiniim  Bases,  or  Platinamines. 

Like  cobalt,  platinum  forms  a  large  number  of  basic  compounds  with 
ammonia,  many  of  which  are  of  extremely  complex  composition.  The  first 
of  these  to  be  discovered  was  a  bright  green  salt,  obtained  by  the  action 
of  ammonia  upon  platinous  chloride,  having  the  composition  PtC]3,2NHs,  or 
Pi(NHs)sCl3,  and  known  as  tht  ^rten  salt  of  Magnus,  Many  of  the  platina- 
mines exhibit  isomerism ;  thus,  a  compound  known  as  the  chloride  of  Reisers 
second  bcLse  is  a  yellow  crystalline  salt  having  the  same  composition  as 
Magnus's  green  salt  Twelve  distinct  series  of  ammoniacal  platinum  com- 
pounds ar«  known,  four  of  which  are  derived  from  platimmj  and  the  remainder 
from  platiuMT  salts ;  the  former  are  termed  platoso  ammonia  compounds, 
while  the  latter  are  distinguished  as  the  plaHno  compounds,  f 


♦  The  name  Cyano-platinitcs  might  with  advantage  be  applied  to  these 
compounds. 

t  For  detailed  descriptions  of  these  compounds,  the  student  is  referred  to 
larger  works  on  chemistry :  and  on  the  constitution  of  these,  and  metallam- 
monium  compounds  generally,  the  article  by  Werner,  in  the  Zeitschrift  fur 
Anorganische  Chemie,  1893,  vol  Ui.  p.  267,  may  be  consulted. 


A  SBW  OASEOUS  CONSTITUBflT  OP  THB 
ATUOSPHBRB 

In  making  accurate  detenninations  of  the  densities  of  gases, 
it  has  been  found  by  Lord  Rayteigh  that  atmospheiic  nitrogen 
always  gives  a  somewhat  higher  number  than  that  obtained  for 
nitrogen  which  is  prepared  from  chemical  compounds. 

While  this  boolc  was  going  through  the  press,  Lord  Rayleigh 
and  Professor  Ramsay  have  announced  the  discovery  of  a  new 
gaseous  constituent  of  the  atmosphere.* 

They  have  succeeded  in  isolating  from  so-called  "  atmospheric 
nitrogen  "  another  gas,  resembling  nitrogen  in  its  inertness,  but 
having  a  higher  density.  They  have  obtained  this  gas  by  passing 
"atmospheric  nitrogen'  over  heated  magnesium,  whereby  the 
true  nitrogen  was  absorbed,  and  a  residual  gas  (amounting  to 
about  I  per  cent,  of  the  original  "atmospheric  nitrogen")  was 
obtained,  whose  density  was  found  to  be  19.09. 

Whether  this  gas  is  a  compound,  or  a  new  elementary  body, 
has  yet  to  be  discovered. 


■  Britisb  Assodation,  August  1894. 
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Combvslibles,  984 
CoiDbuStion.  383 

„      gain  in  weight  by,  aS? 
heat  or.  988 

..       supporters  of.  aB4 
Common  salt,  488 
Compound  radicals,  si 
Compounds,  7 
Condy's  fluid,  61a 
Constant  composition,  law  of,  30 
Constitution  of  matter.  3 
Copper,  506 

.,       acetylide.  aBo 

,,       alloys,  509 
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Copper  nitrozyl,  219 

oxides,  509 

oxychloride,  511 

pyrites,  506 

sulphate,  5x9 

sulphides,  513 
Coprolites,  538 
Coral,  532 
Corpse  light,  292 
Corrosive  sublimate,  558 
Corundum,  569 
Cream  of  tartar,  457,  472 
Crith,  55 
Critical  pressure,  78. 

„      temperature.  77,  X17 
Crooeo-cobaltic  salts,  637 
Crocoisite,  609 
Crookesite,  577 
Cryohydrates,  192 
Cryolite,  309,  569 
Crystalline  forms,  138 
Crystallisation,  suspended,  1x8 

,,      water  of,  192 
Crystalloids,  589 
Cubical  nitre,  497 
Cupel,  516 

Cupellation  process  (silver).  5x6 
Cupric  carbonates,  513 

chloride,  511 

hydroxide,  5x0 

nitrate,  5x2 

oxide,  510 

sulphate,  512 

sulphide,  5x3 
Cuprous  acetylide,  280. 
„      chloride,  5x1 

oxide,  509 

sulphide,  5x3 
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Dalton,  atomic  theory,  29 
Davy  lamp.  292 
Deacon's  process,  3x6 
Dead  Sea,  solid  matter  in,  195 
Deep  well  waters,  196 
Deliquescence,  X93 
Dephlogistigated  air,  X59 
Dew-point.  232 
Diatomic  molecules,  8 
Dialysed  iron,  6^0 
Dialysis,  589 
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Diamond,  250 

,,      combustion  of,  252 

, ,      specific  heat  of,  45 
DifTusiometer,  79 
Diffusion  of  gases,  78 

,,      law  of,  80 
of  dissolved  snbstanoes,  137 
Dimorphism,  141 
Dissociation,  85 
Disulphur  dichloride,  374 
Disulphuryl  chloride,  401 
Dithionates,  398 
Divalent  elements,  58 
Dolomite,  528 
Dry  copper,  507 
Dulong  and  Petit,  law  of,  44 
Dutch  brass,  509 
,,     metal,  322 
Dyad  elements,  58 

Earth's  crust,  composition  of,  160 
Ebullition,  115 
Efflorescence,  X92 
Effusion  of  gases,  82 
Eka-aluminium,  xo8 
Eka-boron,  108 
Eka-silicon,  108 

Electro-chemical  equivalent!,  94 
Electro>gilding,  524 
Electrolysis,  91 
Electrolytes,  92 
Electrolytic  dissociation,  94 
Electroplating,  92,  515 
Elements  and  compounds,  6 

classification  of,  X02 

list  of,  2X 

non-metallic,  8 
Elton  Lake,  water  of,  195 
Emerald,  528 
Emery,  57X 
Empyreal  air.  159 
Endosmometcr.  134 
Endosmose,  134 
Endothermic  compounds,  147 
English  brass,  509 
Epsom  salts.  531 
Equations,  chemical,  29 
Ek]uivalence  {see  Valency,  58) 
Equivalents,  chemical.  29 
„      electro-chemical,  93 
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e,  413.  538 
Elbene,  378 
Etliine,a79  ..,:.. 
Ethyl  iDicale,  585     , 
EUorlmcaTS 


uld  pTpdneed  br.  76,  114. 


Ewtbrnnieoimpcxadi,  M7.-93 
Eipamloo  b7  hw  ef  Hqnkl  cMfaon 

Fon<n*B,«i 

dioiide.S70 
Exp«ukn  br  h«t  OF  liquid  otHien, 
170      ■ 

nuldiait«.S4fi 

..      iOnr.  sad 

ExUnctenr,  967 

Ft>iIbleiQeul.4A> 

Faraday's  Uw,  93 

Fusion,  bleal  heal  of,  lao 

Felspar.  569.  59= 

Ferrates,  631 

Gadolinite,  561 

Ferric  chloride.  633 

Gahnite,  54* 

Galena.  541.  SS* 

„       hydroiide.  630 

GalUum.  109,  561 

soluble.  630 

Galvanised  iron.  J48 

,.      oxide.  630 

Gai  carbon,  954 

„      sulpbue,  633 

Gases,  absorplioo  by  charcoal,  ajS 

..      sulphide,  633 

,,       coeEHcieota  of  expansion  0 

FeiTiles.  6:19 

69 

,,      critical  pressure,  78 

Ferroso-fenic  oride,  630 

..       critical  temperature  of,  77 

..       sulphide.  634 

Fenoiu  bromide,  4S1 

„       ePfusion  of.  Ba 

„      chloride,  631 

„      kinelic  theory  of.  8a 

„      liquefaction  of.  71 

„      feiTicTanide,  63a 

„      occlusion  of,  357 

..      relation  to  heat.  68 

.,      oxide.  639 

„      solubilityof,  in  liquids,  119 

..      sulphate.  63. 

, ,       transpiration  of.  8a 

„      «uiphide,633 

Gastric  Juice,  490 

FelOing.  637 

Gay-Lussac.  law  of,  95.  37 

Fine  m«al  (copper),  507 

General  properties  of  gasjs,  68 

Fire-dwnp,  !i77 

.,       Uquids,  110 

Fice-damp  caps,  394 

German  silver,  54B 

Fixed  air,  564 

Filed  alkali,  467 

Gilding,  524 

Flame,  394 

Glauberile.  496 

„      candle,  397 

Glauber's  salt,  496 

„      ihe  Bunsen,  303 

Glucinum.  528 

Flame,  ttrucliu«  of,  396 

namai,  emax  of  hmunoiltj  «f,  301 

Flint,  ^ 

FlinUhin  fiunace,  597 

Fhtonpuite.  309 

Flncridei,  315 

Fl>wdne,3oB 


^l<w^«pw.  309>  S33 

FoMM,  chenriol  and  phTBcal.  3 

FocDiilft  wdght,  S3 


Index 


657 


.523 

alloys,  524 

compounds  of,  524 

fineness  of,  524 

fulminating,  525 
luators,  488 
lam's  law,  80 
ame-molecule,  56 
)hite,  252 

specific  beat  of,  45 
nockite,  551 

een  salt  of  Magnus,"  647 
n  vitriol,  395,  631 
'  antimony  ore,  451 

cast  iron ,  626 
net's  green,  611 
•cotton,  215 
•metal,  509 
powder,  484 

products  of  combustion   of, 
484 
ium,  536 

fibrous,  536 

klATITE,  624    ^ 

noglobin,  170 
salt,  572 
)gens,  i8,  307 
>id  salts,  18 
Iness  (water),  197 
^cave's  process,  497 
smannite,  618 
t,  atomic,  44 

molecular,  47 

of  combustion,  288 

of  formation,  146 

specific,  44 

specific,  table  of,  45 

units,  144 
vy  spar,  541 
ry's  law,  123 
%r  sulphuris,  485 
agonal  system,  139 
n.s's  signal,  424 
n  mercury,  557 
n  silver,  514 
razine,  245 
,       hydrochloride,  245 

hydrate,  245 
,       sulphate,  245 
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Hydrocarbons,  276 
Hydrogen,  150 

chloride,  325 
.,       compounds  with  oxygen,  179 
,,      dioxide,  179 
,,      disodium  phosphate,  435 
,,      displaceable,  x8 
,,      monoxide,  179 
nitrate,  19 

occlusion,  of,  150,  157 
peroxide,  199 
persulphide,  373 
phosphide,  430 
potassium  fluoride,  309 
, ,      potassium  sulphate,  395 

sodium     ammonium     phos- 
phate, 435 
sulphate,  19 
sulphide,  369 
Hydrogenium,  157 
Hydromagn^ite,  53a 
Hydroxides,  17 
Hydroxyl,  247 
Hydroxylamine,  246 
,,      disulphonate,  248 
,,      hydrochloride,  247 
,,      mono-sulphonate,  248 
Hypobismuthic  oxide,  462 
Hypobismuthous  oxide,  462 
Hypochlorites,  336 
Hypochlorous  anhydride,  333 
Hyponitrous  anhydride,  223 
Hypophosphites,  433 
Hypovanadic  chloride,  608 
,,      oxide,  608 
„      sulphate,  608 

Ice,  190 

,,      effect  of  pressure  upon,  190 
,,      the  meldng-point  of,  120 

Icicle,  1x6     * 

Ignition-point,  291 

Indifferent  substances,  136 

Indigo-copper,  513 

Indium,  107,  561 

Inflammable  air,  150 

Intestinal  gases,  hydrogen  in.  150 

lodates,  354 

Iodic  anhydride,  353 

Iodine,  346 
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Iodine,  bronklei,  357 

„      chlocldei,  346 

148 

..      pentiolde,  353 

Ia(»,93 

Duloo8andP«it.44 

Iridium.  64> 

g.tMtl*dUiuA».to 

„      *loAl>^6« 

„      <»ldei.&(3 

IiUiSM.toUdimpaiJtrh,i9S 

0CU<Mt,9> 

Iroa,6>3 

..      rfum.63. 

polodlcioo 

,.     a»bide.474.«i« 

,.     cacboo;!,  *&4 

L.]r(rc.T«.1..5<> 

..     ■MpMioo-l'toor.Ssn 

Lead 

596 

;;     aiidei(ir.fl^ 

aiXiaDofwatiBrnpM,  599 

..     pwhe,fi<9 

,.      n'riia.Sfio.lW 

etoo«ate,6.s 

,,      sesquisulphido,  633 

600 

„      sulphides  of,  633 

desilverisalion  of,  516 

Isodimorphijm,  .41 

dichloride.  60a 

Isogooism.  50 

dioidde,  609 

Iioraetism,  171 

Lead  ethide,  583 

iMMDorphism,  49,  141 

..      law  of,  49 

oxides  of,  600 

Ijoiropie  oystftls,  140 

;; 

oiychloride,  603 

JOLLK-s  apparatus,  330 

softening  of.  598 
squirted,  600 

KAINITE,  471 

suboride,  600 

Kelp.  347 

sulphate,  60s 

Kelp  subslKute,  345 

sulphide,  606 

Kiesel-Buhr,  586 

sulphochloridei,  606 

Kieseritc,  538.  S3t 

telradilonde,  603 

Kinetic  theoiy,  Sa 

tree,  598 

Kish,  353 

white,  604 

Ubianc  process,  490 

Lagoons  (boric  acid),  564 

LepidoUle,  499 

Lakes,  573 

Light  red  silver  ore,  514 

Laminaria  digiiata,  347 

Lime 

533 

chloride  of,  535 

Lamp-bUck,  354 

dead  burnt,  S33 

Lanaiklte.  596 

milk  of,  534 

Lanlbanum,  561 

quick.  534 

Latent  heal  of  fusion,  lao 

Umestone.  533 

L«w  of  Boyle,  70 

Uquefaclionofnir,  76 

.,      Clurles,  6S 

,. 

of^ases.71 
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Liquids,  general  properties  of,  no 
Liquor  ammonia^  242 
Litharge,  600 
Lithium,  499 

carbonate,  500 

hydroxide,  500 

mica,  499 

nitride,  208 

oxide,  500 

phosphate,  500 

spectrum  of,  469 
Liver  of  sulphur,  485 
Load-stone,  624,  630 
Lothar  Meyer's  curve,  105 
Lucifer  matches,  419 
Luminous  paint,  539 
Lunar  caustic,  522 
Luteo-cobaltic  salts,  638 

Magistral,  5x5 
Magnesia,  529 
Magnesia  alba  levis,  532 
foncUrosa^  532 
usta,  529 
Magnesia  mixture,  531 
Magnesian  limestone,  196,  533 
Magnesite,  528 
Magnesium,  528 

,,      aluminate,  572 
,,      ammonium  chlonde,  530 
,,      ammonium  phosphate,  435 
,,      boride,  568 
broraate,  346 
calcium  chlonde,  530 
„      carbonates,  532 
„      chloride,  530 

combustion  of,  in  steam,  152 
hydroxide,  530 
nitride,  208,  529 
oxide,  529 
oxychloride,  530 
phosphate,  435 
platinocyanide,  193 
potassium  chloride,  530 
pyrophosphate,  436 
silicide,  584 
sulphate,  531 
Magnetic  iron  ore,  624 
,,      oxide  of  iron,  630 
„      pyrites.  634 
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Magnetite,  630 
Malachite,  506 
Manganates,  621 
Manganese,  6x8 

.,      blende,  6x8 
dioxide,  619 
monoxide,  6x8 
oxides  of,  6x8 

,.      sesquioxide,  6x9 

„      spar,  6x8 
Manganic  chloride,  690 

,,      oxide,  6x9 

,,      sulphate,  690 
Manganite,  6x8 
Manganites,  690 
Mangano-manganic  oxide,  619 
Manganous  chloride,  620 

„      chromite.  6x4 
hydroxide,  619 
sulphate,  620 
Marble,  537 
Marine  acid  air,  325 
Marsh  gas,  276 

,,      synthesis  of,  404 
Marsh's  test,  442 
Massicot,  600 
Matches,  4x9 
Matlockite,  596 
Mechanical  mixtures,  8 
Mediterranean  Sea,  195 
Meerschaum,  528 
MendelejeflTs  periodic  law,  zoo 
Mephitic  air,  205 
Mercuric  ammonium  chloride,  558 

,.      chloride,  558 

..      iodide,  558 

,,      oxide,  556 

,,      potassium  chloride,  65 
Mercurius  calcinatus  per  se,  159 
Mercurous  chloride,  557 

.,      nitrate,  557 

,,      oxide,  556 

„      sulphate,  557 
Mercury,  552 

allo]rs  of  (amalgams).  555 
deadening  of,  555 
distillation  of,  554 
oxides  of,  556 
Metal  slag  (copper),  597 
Metallic  nitroxyls,  2x9 
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Index 


Metnnoids,  8 

Metals  smid  non-metals,  7 

Metamcric  oompoands,  171 

Metantimonates,  458 

Meuphosphates,  437,  459 

MetaraenateSi  449, 459 

Metanenhes,  44iB 

Metastannates,  594 

Metavanadatfwi,  ftofj 

Meteoric  iron,  150 

Methane,  876 

Mejer,    Lothar,    curve    of   atomic 

yohimes,  xo6 
BCicrooosmic  salt.  498 
Milk  of  Ume,  534 

„     sulphur,  368 
Milky  quarts,  $88 
Mineral  alkali,  467 
Mineral  chameleon,  fnxi 
Minium,  601 
Mispickel,  439 
Mixed  crystals,  50 
Modes  of  chemical  action,  13 
Molecular  combinations.  65 

,,      equations,  54 
formulae,  92 
heats,  47 
lowering  of  vapour  pressure, 

118 
volume,  42 
weight,  39 

weight,  determination  of,  by 
the  depression  of  freezing- 
point,  X2I 
Molecules,  3 

,,      compound,  6 

,,       definition  of,  4 

,,      elementary,  6 

,,      mean  free  path  of,  83 

,,      size  of,  3 
^fo1ybdates,  616 
Molybdenite,  616 
Molybdenum,  616 

,,      chlorides,  617 

,,      ochre,  616 

,,      oxides,  616 
Monad  elements,  58 
Mono-atomic  molecules,  8 
Monoclinic  system,  139 
Monosymmetric  system,  139 
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Monovalent  element^  58 
Mordants,  57a 
Mortar,  534 

„      the  setting  of,  534 
Mosaic  gokl,  596 
Mottnunite,  607 
Mundic,  439 
Mtmts  metal,  509 
Multiple  proportkNU,  law  of.  96 

NATtntAL  waten,  194 
Natural  steel,  694 
Nesder^i  solutkn,  041,  560 
Neutral  alum,  576 
Nickel.  ^ 

alloys  of,  639 

blende,  639 

carbonyl,  263 

chloride,  641 

glance,  439.  639 

monosulphide,  641 

monoxide,  640 

oxides  of,  640 

sesquioxide,  640 

silver,  548 
,,      sulphate,  641 
Nickelo-nickelic  oxide,  640 
Nickelous  oxide,  640 
,,      sulphide,  641 
Niobates,  607 
Niobium,  607 

,,      oxides  of,  607 
Nitrates,  215 

detection  of,  215 
Nitre,  483 

,,      plantations,  483 
Nitric  anhydride,  2x6 

„      oxide,  290 
Nitrification,  483 
Nitrites,  219 
Nitro-cellulose,  2x5 
Nitrogen,  205 

iodide,  249 

oxides  and  acids  of,  209 

pentoxide,  216 

peroxide,  2x7 

tribromide,  249 

trichloride,  248 
Nitro-metals,  219 
Nitro-sulphuric  add,  368 
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Nitrosyl  chloride,  225 

hydrogen  sulphate,  225 

sulphate,  388 
Nitrous  anhydride,  209 
Nomenclature,  15 
Non-metals,  7 
"  Nordhausen"  acid,  395 
Notation,  chemical,  2Z,  52 

CXXLUDED  hydrogen,  151 

Occlusion  of  gases,  157 

defiant  gas,  278 

Opal,  586 

Ore  hearth,  597 

Orangeite,  581 

Organic  chemistry,  definition  of,  259 

Orpiment,  439 

Orthite,  561 

Orthoclase,  590 

Osmiridium,  642 

Osmium,  642 

,,      oxides  of,  643 

,,      tetroxide,  643 
Osmotic  pressure,  134 
Osteolite,  538 
Oxides,  16 
Oxygen,  159 

,,      allotropic,  172 

,,       Brin's  process,  162 

,,      Tessi^  du  Motay  process,  167 
Oxyhasmoglobin,  170 
Oxyhydrogen  flame,  291 
Ozone,  172 

,,      atmospheric,  234 

,,      constitution  of,  176 

,,      tube,  Siemens',  173 
,,     Andrews',  177 

Palladium,  642 

,,      absorption  of  hydrogen  by, 

157 
,,      chlorides,  643 

„       hydride,  157 
oxides,  643 
Parkes's  process,  516 
Partial  pressures,  law  of,  127 
Passive  iron,  629 
Pattinson's  process,  516 

,,      white  lead,  603 
Pearl-ash,  482 


Perchlorates,  338 
Percy-Patera  process,  5x8 
Periclase,  529 
Peridote,  590 
Periodates,  356 
Periodic  classification,  loa 
Permanent  white,  544 
,,      hardness,  197 
Permanganates,  621 
Permanganic  anhydride,  622 
Persulphates,  385 
Persulphuric  anhydride,  384 
Petalite,  499 
Petxite,  523 
Pewter,  592 
Phenacite,  528 
Phlogiston,  283 
Phosgene  gas,  263 
Phospham,  438 
Phosphates,  435 
Phosphine,  420 
Phosphites,  434 
Phosphonium  bromide,  422 

chloride,  422 

iodide,  423 
Phosphoretted  hydrogen ,  gaseous,  420 
,,      liquid,  423 
„      solid,  424 
Phosphorous  oxide,  430 
Phosphorus,  412 
,,      allotropic,  418 

compounds  with  sulphur,  438 

oxides  and  oxyacids,  429 

oxychloride,  428 

oxyfluoride,  428 

pentabromide,  427 

pentachloride,  426 

pentafluoride,  425 

pentasulphide,  438 

pentoxide,  431 

red,  418 

tetriodide,  427 

tribromide,  427 
,,      trichloride,  425 
,.      trifluoride,  424 
,,      triodide,  427 
Phosphoryl  chloride,  428 

fluoride,  428 

nitride,  438 

triamide,  438 
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PbMo-nlu.  jaa 
ns-boOtng,  607 


PtaMer  of  Pari*.  SV 
FlsMiein^nir,  3G7 
Plate  R^ilHUe,  94B 
PlttlMiiitnw.  647 
PtatiputM,  <4S 


niultM,  647 


Plalinoiu  chloride,  645 
hydroxide,  645 
PlalinuiD,  643 

„      ttllojrs,  645 

„      black,  645 

„      oxides  of,  64 J 

„      oxTsalli,  647 

„      sodium  chloride,  6; 

„      spongy,  644 

„      sulphides  or  647 

„      tetrachloride,  646 
Pbioso-ammonia.  compounds,  647 
Plumba^,  a53 
Plumbic  chloride,  603 

oxide,  60a 

„       peroxide,  6m 
I'lumboui  oxide,  600 
PlumbuPt  nigmm.  S96 
Pollux,  47a 
PolybasLle,  m 
Polyhalile,  461 
Poljmnerism,  171 
Pol-ashes,  48 1 
Potash,  caustic.  476 
Potasiium,  471 

„      alum,  574 


borofluoride,  563.  567 
bromale,  346,  4S0 

bromide,  48a 


M,  Ch 


teracfanlde,  aSt.  I 


lodate,  355 
iodide,  480 
manganate.  Gat 
■netaborate,  565 


osmale,643 

onho-Ihio-antimonate,  4fo 
ortho-ihio-anlimonite,  460 
ortho-thii>«r«nale,  451  • 
ortho-thio-araenite,  450 
pentasiilphide,  4S5 
penlalhionate,  400 
perchlorale,  483 


356 
permanganate,  daa 


ischlori 


plumbate,  6< 
pyro-antimonaie,  4511 
nilbenale,  643 
silico-Huoride,  5S3 
silnr  Ihiosulpbate.  398- 
alannale.  593 
■ulphate,  4S1 
sulphite,  36a 
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Potassium,  sulphides  of,  485 

,,      tetrachromatc,  615 
trichromate,  615 

,,      zinc  oxide,  154 
Powder  of  Algaroth,  455 
Praseo-cobaltic  salts,  637 
Preparing  salt,  593 
Producer  gas,  164 
Proustite,  514 
Prussian  blue.  633 
Pseudo-alms,  574 
Pucherite,  607 
Puddling,  627 
Purple  copper  ore,  506 
Purpureo-cobaltic  salts,  638 
Pyrargyrite,  514 
Pyrites  biuners,  390 
Pyrolusile,  618 
Pyromorphite,  596 
Pyrophosphates,  436 
Pyrosulphiuic  chloride,  401 

Quadratic  system,  139 
Quantitative  notation,  52 
Quartz,  586 
Quicklime,  533 

Radiated  pyrites,  633 

Radicals,  compound,  22 

Rain  water,  solid  impurity  in,  196 

Realgar,  439 

Red  antimony,  451 

,,      copper  ore,  509 

,,       haematite,  624 

,,      lead,  601 

,,      manganese  oxide,  618 

,,      phosphorus,  4x8 

,,      zinc  ore,  546 
Refinery  slag  (copper),  507 
Regular  system,  139 
Reiset's  second  base,  chloride  of,  647 
Relation  of  gases  to  heat,  68 

pressure,  70 

Reversible  reactions,  85 
Rhodium,  642 
Rhombic  system,  X39 
Rochelle  salt,  519 
Rock  crystal,  586 
Rock  salt,  486 
-Rodonda  phosphates,  4x3 
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Roll  sulphur,  364 
Roman  alum,  574 
Roseo-cobaltic  salts 
Rouge,  630      ^""^ 
Rubidium,  500        ^ "  ^      . 
Rubies,  artificial,  571 
Ruby,  569 
Rul^  ore,  506 

„      silver  ore,  514 

„      sulphur,  439 
Rust.  288 
Ruthenium,  642 

,,      chlorides  of,  643 

„      oxid«»r643 

Rutile,  581 

Sal  alembroth,  558 

„      anunonia,  501 
Salt-cake  process,  491 
Salt-fonning  oxides,  17 
Salterns,  488 
Saltpetre,  483 
Salts,  acid,  X9 

„      basic,  7) 

,,      haloid,  18 

„      normal,  18 

„      oxy-.  x8 
•    ,,      thio-,  x8 
Sand,  582 
Sapphire,  569 
Satinspar,  536 
Saturated  solutions,  130 

,,      vapours,  iii 
Scandium,  561 
Scheele's  green,  447 
Scheelinite,  6x6 
Schllppe's  salt,  460 
SchOnite,  531 
Schweinfurt  green,  448 
Scotch  hearth,  597 
Seaweed,  iodine  in,  347 
Selenite,  536 
Selenium,  405 

alums,  574 
dichloride,  407 

,,      dioxide,  407 
Selenuretted  hydrogen,  406 
Seltzer  water,  X95 
Semipermeable  membranes,  134 
Serpentine*  s>8«  sqo. 
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Siemens'  ozone  tufa^,  173 
Silica,  586 
Silicates,  589 

^liduretted  hydrogen,  584 
Silioon,58a 

„     diloride,  586 
dblorafocm,  58s 
dioxide,  586 
fiooride,  585 
hexadiloride,  586 
henfluoride,  585 
„     hydride,  584 
Silver,  5x4 

„      allotroiMC,  519 
„      aUoys,  519 
„     akim,  5S9 
„     bromide,  591 
„      chloride,  590 
„      flashing  of,  516 
,,      fluoride,  521 
fulminating,  520 
glance,  514 
iodide,  521 
nitrate,  522 
oxides,  519 
ozybromide.  52a 
„      oxychloride,  522 
„      periodate,  355 
„      phosphates,  435,  437 
„      plating,  519 
spitting  of,  518 
standards,  59 
suboxide,  520 
sulphate,  529 
sulphide,  514 
Singly  refracting  crystals,  140 
Slaked  lime,  534 
Smalt,  638 
Smaltine,  634 
Smoky  quartz,  588 
Soda,  496 
Soda-ash,  495 
,,      caustic,  487 
,,      crystals,  495 
Sodium,  486 

,,      acetate,  277 
,,      alloy  with  potassium,  4S6 
aluminate,  569 
aluminium  chloride,  570 
amalgam,  SSS 
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Sodittm  antimooate,  458 
anrimonite,  457 
menate,  449 
bensoalo,  945 
bicMrboDate,  496 
broaiide«  49^ 
oaxbonate,  499*  ^^  I 
diloride,488 
diloro-platinate,  646. 
hydiazoate*  045 
hydride,  48is 
hydroxide,  4817 
bypophoqihite,  4ao 

l^ypl^rf^lphltff^  386 

metaniobate,  607 
metapfaoqihate,  437 

metastannate,  594 

metatantalate,  607 

metavanadate,  607 

nitrate,  497 

oxalate,  155 

oxides,  486 

permanganate,  622 

phosphates,  498 

pyro-arsenate,  449 

pyrophosphate,  436 

sesquicarbonate,  496 

silicate,  588 

silver  thiosulphate,  518 

stannite,  593 

sulphate,  496 

,,        solubility  curve,  132 

sulphide,  491 

thio-antimonate,  460 

thiosulphate,  397 

tungstate,  6x6 

uranate,  616 

unc  chlo  idc,  65 
Soffioni,  564 
Solar  prominences,  150 
Solder,  592 
Solfatara,  360 

Solidification,  suspended,  118,365, 416 
Solidifying  points  of  liquids,  1x9 

points  of  Uquids,  e£fect  of  dis- 
solved substances  upon,  I2X 

points    of   liquids,    effect  ol 
pressure  on,  X19 
Solubilities,  diagram  of,  131 
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Solubility  of  gases  in  liquids,  T22 

,,      of  liquids  in  liquids,  128 

,,      of  mixed  gases,  126 

,,      of  solids  in  liquids,  129 
Solution,  122 
Solutions,  saturated,  130 

,,      supersaturated,  130 
Sombrerite,  413,  538 
Spathic  iron  ore,  624 
Specific  gravity  of  gases,  39 

,,  liquids  and   solids, 

104 
heat,  44 

heats,  tables,  45 
Spectra  of  alkali  metals,  469 
Spectroscope,  468 
Specular  iron  ore,  624 
Speiss-coball,  634 
Spiegel,  626 
Spinelle,  572 
Spirits  of  hartshorn,  239 
Spitting  of  silver,  the,  518 
Spodumene,  499 
Spring  water,  196-199 
Stalactites,  197 
Stalagmites,  198 
Standard  temperature  and  pressure, 

69,  70 
Stannates,  594 
Stannic  chloride,  595 

,,      sulphide,  595 
Stannous  chloride,  594 

,,      hydrated  oxide,  592 

„      nitrate,  592 

„      oxide,  592 

,,      oxychloride,  594 

„      sulphate,  591 
sulphide,  595 
Stassfurt  deposits, '471,  481,  530 
Steam,  189 

,,      volume  composition  of,  184 
Steel,  627 
Steel  mill,  291 
Stephanite,  514 
Stereotype  metal,  452 
Slibnite,  ^51 

Si  ill-liquor,  composition  of,  319 
Stream-tin,  590 
Stromeyerite,  514 
Strontia,  539 


Strontianite,  539 
Strontium,  539 

chloride,  540 

dioxide,  540 

hydroxide,  540 

nitrate,  541 

oxides,  539 

sulphate,  540 
Substitution,  344 
S'uint,  471 
Sulphates,  395 
Sulphides,  371 
Sulphites.  382 
Sulpho-adds,  17 
Sulpho-thionyl  chloride,  374 
Sulphur,  359 

allotropic  modifications,  365 

chlorides  of,  374 

dioxide,  376 

flowers  of,  363 

milk  of,  368 

oxides  and  oxyacids  of,  375 

oxychlorides  of,  400 

plastic,  367 

prismatic,  365 

recovery  of,  from  alkali  waste, 
361 

recovery  of  (Chance's  process) , 
37X 

rhombic,  365 

sesquioxide,  384 

tetrachloride,  375 

triozide,  382 
Sulphuretted  hydrogen,  369 
Sulphuric  anhydride,  375 
„      chlorhydrate,  401 
Sulphurous  anhydride,  375 
Sulphuryl  chloride,  400 
Supercooling  of  water,  118 
Superphosphate  of  lime,  538 
Supersaturated  solutions,  130 
Suspended  solidification,  119, 365, 416 
Sylvanitc,  523 
Sylvine,  471 
Symbols,  21 
Sympathetic  inks,  193 
Sjmthesis,  13 

Tachydrite,  530 
Talc,  528 
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..      oridc,  563.  578 

,.      dJorides,  617 

„      nilf*ale,  5B0 

„      oiido,  616 

.,      sulphide.  s6a 

Tumbull'j  blue,  63a 

■nmlli«m.S77 

Tuipeth  mineral,  395 

„      oxides  of,  57S 

Turquoise.  569 

„      oxyhydioxkte,  579 

Type  meUl,  453 

„       perchlorate,  563 

Typical  elemenls,  too 

.,      ialplm[B,  5&. 

Twin  oyslals,  sBB 

ThaUous  carbonate,  579 

„       chloride,  579 

Ulkxite,  563 

„      hydroxide.  578 

Uniaxial  aystals.  optically,  1,3 

..      iodide.  s6a 

Uail  of  heat.  144,  989 

..      oxide,  578 

„      volume,  43 

Thfti»rdiie.  496 

Uranate*.  616 

Tbennoebemislry,  14a 

Uranium,  616 

Thio-adds,  17 

„      chlorides,  617 

Thio-antinioDates,  460 

,.      oiidei.  616 

Uranous  salts,  S17 

Thio-arsenalei.  4S' 

,.       sulphate,  617 

ThiCK«rteniles.  450 

Uranyl  sails.  617 

Urea,  13,  33.  357     ■ 

Thionyl  chloride,  400 

Valincy.  $a 

Vanadates,  6o3 

Tborile.  jBi 

Vanadite.  607 

Thorium.  581 

Vanadium,  607 

•nn.  590 

..      chlorides  of.  608 

„       alloy*  Of,  59a 

„      oxides  of,  607 

,.      dioxide.  593 

oiyehlorides  of,  608 

oiides  of,  593 

Vaporisatioa,  latent  heai  of,  114 

..       oiyrauriale,  595 

Vapour  densities  of  elements,  40 

Tiu-plaw,  59* 
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Vapour  tension,  1 1 1 
Verdigris,  513 
Vermilion,  559 
Vinasse,  482 

,,      cinder,  48a 
Vital  force,  259 
Vitriol  chambers,  393 
Volatile  alkali,  467 

Water,  180 

Clark's  process  for  softening, 

198 
colour  of,  z88 
compressibility  of,  189 
electrolysis  of,  183 
freezing  of,  115 
gas,  360 
gravimetric   composition   of, 

18s 
hardness  of,  197 

maximum  density  of,  191 

of  constitution,  194 

of  crystaUisation,  199 

rain,  196 

solubility  of  gases  in,  127 
„         salts  in,  131 

solvent  power  of,  191 
,,      supercooling  of,  xz8 
,,      volumetric    composition    of, 
x8z 
Waters,  chalybeate,  195 

dangtfous,  199 

deep  well,  196 

fresh,  196 

hard,  197 

mineral,  194 

natural,  194 

potable,  198 

river,  196 

safe,  199 

sea,  19(5 

spring,  196 
,,      suspicious,  199 
Wavellite,  413 
Weldon's  process,  319 
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Welsbach  burner,  303 
White  arsenic,  446 

cast  iron,  626 

lead,  604 

metal  (copper),  507 

nickel,  639 

vitriol,  194 
Witherite,  541 
W5hlerite,  581 
Wolfram,  616 

„      ochre,  6x6 
Wood's  fusible  metal,  461 
Wrought  iron,  627 
Wulfenite,  6x6 
WurtJdte,  550 

Xantho-cobaltic  salts,  638 

Yttbrbite,  561 
Ytterbium,  561 
Yttrium,  561 

ZiBRVOGEL  process,  5x7 
Zinc,  546 

„      alloys  of,  548 

,,      aluminate,  546 

„      amalgam,  556 
blende,  546 

,.      carbonate,  551 

,,      chloride.  549 
chromite,  614 
granulated,  X53 

,,      hydroxide,  549 

,,      methyl,  277 

,,      nitrate,  215 
oxide,  548 

„      spar,  546 

,,      spinnelle,  546 

,.      sulphate,  550 

,,      sulphide,  550 

„      white,  548 
Zinci  carbonaSt  551 
Zinc-copper  couple,  X52,  277 
Zircon,  581 
Zirconium,  581 
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